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It has long been recognized that injections of sodium chloride are of 
benefit in the treatment of the characteristic crises of Addison’s disease, 
but it was the quantitative investigation of the electrolytes of the plasma 
by Loeb and his associates? and by Harrop and his associates * that 
first revealed why large amounts of sodium and chloride are required 
effectively to combat such crises. Their experiments demonstrated that 
the loss of ions of sodium and chloride is one of the principal distur- 
bances leading to the development of the crisis and that the crisis can 
be prevented by a quantitative replacement of these ions. However, 
the results obtained by treating patients only with sodium chloride have 
remained less satisfactory than those obtained when extract of adrenal 
cortex has been given, and no one has succeeded in maintaining indefi- 
nitely the life of a completely adrenalectomized dog by administering 
only sodium chloride. Thus, for some time it has been evident that the 
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course of Addison’s disease is influenced unfavorably by, factors othe: 
than the supply of sodium chloride. 

The next step was the identification of one of these other factors 
by Harrop and his associates * and simultaneously by Allers and one oj 
us (Dr. Kendall) ,* working independently. This, namely, is the requir 
ment of more ions of sodium than of chloride. Harrop observed that 
the excretion of sodium was greater than the excretion of chlorid 
sodium chloride alone was given to adrenalectomized dogs and that 
while neither sodium chloride nor sodium bicarbonate would maintain 
the lives of such animals, the simultaneous administration of these salts 
would do so. Allers and Kendall, attempting to maintain adrenalect: 
mized dogs with sodium chloride alone, made the observation that the 
alkali reserve of the blood fell to low levels, and they suspected that 
acidosis was responsible for the failure of these animals to survive. The 
urea content of the blood, which usually is markedly elevated in condi- 
tions of severe adrenal insufficiency, was not elevated in animals receiy 
ing large amounts of sodium chloride; and when the acidosis was cor 
rected by supplying extra base, as sodium in the form either of sodium 
bicarbonate or of sodium citrate, the dogs remained in excellent condi 
tion for indefinite periods. 

The probable bearing of these observations on the successful treat 
ment of Addison’s disease was emphasized for us by the discovery of a 
patient who, in addition to having a spontaneous craving for salt, such 
as frequently occurs in Addison’s disease, which she satisfied by eating 
salt, took generous quantities of sodium bicarbonate because of pyrosis 
She had preserved her weight and strength without other treatment for 
five years. The results obtained, however, by treating other patients 
with sodium bicarbonate or sodium citrate and sodium chloride remained 
less satisfactory than was desirable. Patients would do well for weeks 
or months and then, for no apparent reason, would fail and would 
require injections of extracts of adrenal cortex. Thus, other uncontrolled 
factors still remained unrecognized. 

Although the results obtained by Harrop and his co-workers and by 
Kendall and Allers ® were similar in regard to the necessity for admin- 


istering extra sodium ion with sodium chloride, they were not similar 
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in regard to the maintenance of the normal level of electrolytes in the 
ood. The former authors stated that “it is only by the exhibition of 
both extract and salt in adequate amounts that entirely normal plasma 
electrolyte levels may be sustained in the totally suprarenalectomized 
log.” They did not attempt to give a diet which was either low or 
uniform in its content of potassium. The adrenalectomized dogs treated 
by Kendall and Allers with sodium chloride and sodium citrate were 
viven a diet with an unusually low content of potassium. Under these 
conditions not only could the animals be maintained indefinitely without 
the use of extracts of adrenal cortex, but the level of the electrolytes 
in the plasma also remained entirely normal. Furthermore, adrenalec- 
tomized dogs maintained only with sodium chloride and sodium bicar- 
bonate or citrate without the use of extract of adrenal cortex were found 
to be surprisingly sensitive to small amounts of potassium in the diet. 
If 0.5 Gm. of potassium was added to the daily diet of such dogs, a 
state of crisis was produced like that of acute adrenal deficiency. This 
occurred even when the animals were receiving liberal supplies of the 
sodium salts named.® 
A preliminary observation in a case of Addison’s disease seemed to 
indicate that patients similarly are sensitive to the addition of potassium 
to their diet. The following investigation was therefore undertaken to 


determine: (1) whether higher intakes of potassium would consistently 


provoke substantial losses of sodium and chloride and thus favor the 


development of symptoms of crisis and (2) whether restricting the intake 
of potassium might be advantageous in the maintenance of patients with 
\ddison’s disease, in particular whether such restriction might lessen 


the requirement for sodium salts and extract of adrenal cortex. 


PROCEDURE 

Three patients were chosen for investigation; two of them had previously 
been the subjects of metabolic observations, and symptoms of crisis had developed 
on withdrawal of sodium chloride from the diet. All revealed the characteristic 
pigmentation and other typical symptoms of Addison’s disease. They were placed 
in the hospital under close supervision, and special care was exercised to make 
complete collections of the urine, this being further controlled by daily determina- 
tions of the excretion of creatinine. 

Constant diets were served, planned so that their content of ions of sodium 
approximated 0.59 Gm., of chloride 0.91 Gm. and of potassium 1.6 Gm., except 
that in period 2 in case 3 (table 3) the food was made to contain 5.8 Gm. of 
potassium. The composition of the diets in sodium, chloride and potassium 


6. Confirmation of these observations by experiments performed on cats and 
rats has appeared in a paper by Zwemer and Truszkowski (Science 83:558-560 
[June 5] 1936) since the preparation of this manuscript. 
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was estimated from the tables of Sherman.? The levels of intake of sodium, 
chloride and potassium were increased in various periods by the addition to the 
diet or the administration separately of weighed amounts of the salts of the 
substances. 

ANALYTIC METHODS 


Urine.—The various constituents of urine were determined by the following 
analytic methods: 


Nitrogen: Macro-Kjeldahl. 

Chloride: Volhard. 

Sodium: Gravimetric determination of sodium as sodium zinc urany] 
acetate, using the method of Barber and Kolthoff,8 as modified 
by Butler and Tuthill.9 

Preformed creatinine: Folin.1° 

Total creatinine: Folin, the urine being boiled with trinitrophenol. 

Potassium: Fiske and Litarczek 11 and Folin.12 


The Fiske and Litarczek method of analysis for potassium is based on a pre 
liminary precipitation of potassium as potassium cobaltinitrite and final precipi- 
tation as potassium bitartrate. The following precautions and slight modifications 
proved to be of value: Extreme care was necessary in washing the precipitate of 
tartrate to insure complete removal of the excess of tartaric acid from the pre- 
cipitate. The alcohol was allowed to pass through the filter pads at a rate of 
about 1 cc. in three or four minutes. Instead of transferring the filter pads after 
the final precipitation, the precipitated tartrate was removed by allowing hot 
water to pass slowly through the filter pads so that the potassium bitartrate was 
completely dissolved. This permits the use of the same filter pads for a series 
of determinations. A more dilute solution of sodium hydroxide (0.005 to 0.01 
normal) was used for the final titration, and the solution was stirred during 
titration with air freed from carbon dioxide. An 0.02 per cent solution of phenol 
red was used as the indicator. Under these conditions, with a solution of purified 
potassium chloride containing from 2 to 4 mg. of potassium, the average recovery 
of potassium was 99.6 per cent. The data reported were obtained both from 
ashed and from unashed samples, with, in general, excellent duplication of 
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sults. If, however, the specirhens of urine had been made acid with sulfuric acid 
to prevent a loss of nitrogen, satisfactory results could be obtained only by ashing 
the samples before the analysis was made. If hydrochloric acid had been used, 
ashing was not necessary, although in all cases a preliminary evaporation of the 
ample was made in order to remove the excess acid. 

Blood Serum—tThe following analytic methods were used for blood serum: 
Sodium: Butler and Tuthill’s modification of Barber and Kolthoff’s method. 
Chloride: Open Carius method as applied by Van Slyke.1% 

Potassium: A dry sodium cobaltinitrite reagent was prepared according 
to the method of Fiske and Litarczek. The determinations 
were made of extracts of serum ashed in the muffle, with the 
precautions necessary to avoid loss of potassium and sodium. 
The potassium was precipitated as sodium potassium cobalti- 
nitrite, according to the conditions of Fiske and Litarczek 
but omitting digestion with nitrohydrochloric acid. The pre- 
cipitate was centrifugated, and the potassium was titrated with 
potassium permanganate, according to the method of Kramer 
and Tisdall.14 


PROTOCOLS 

Case 1.—Observation as to the Effect of the Level of Intake of Potassium on 
Addison’s Disease -—The subject of this study was a woman 39 years of age who, 
except for minor ailments, was well until August 1933. She then began to lose 
weight and strength and observed increasing pigmentation of the skin. In August 
1934 she became suntanned, and the tan never faded. After April 1935 the pig- 
mentation became deeper, and weakness increased to such an extent that the patient 
took to her bed. She recently had been treated with injections of a commercial 
extract of adrenal cortex 15 and for several months had of her own accord been 
taking extra sodium chloride by mouth because of a marked craving for it. She 
first came to the clinic and was admitted to the hospital on Nov. 11, 1935. 

Examination revealed diffuse pigmentation of the skin and mucous membranes, 
associated with many black freckles. The systolic blood pressure in millimeters 
of mercury was 92 and the diastolic 64. Roentgenograms revealed no evidence of 
tuberculosis of the lungs and no calcification in the region of the adrenal glands. 
The flocculation test for syphilis was negative. The values for the sodium chloride 
in and for the carbon dioxide-combining power of the blood were normal. The 
value for blood urea also was normal. 


Observations from November 15 to December 2 (metabolic data in table 1 and 


chart 1, period 1): On November 15 the daily intake of potassium was lowered 


to an amount not greater than 1.6 Gm. This was accomplished by suitably 
adjusting the diet. For the next ten days 12 Gm. of extra sodium chloride was 
administered daily by mouth, making a total intake of about 18 Gm. of sodium 
chloride. Five grams of sodium citrate also was given daily. Adrenal cortex 


13. Van Slyke, D. D.: The Determination of Chlorides in Blood and Tissues, 
J. Biol. Chem, 58:523-529 (Dec.) 1923. 

14. Kramer, Benjamin, and Tisdall, F. F.: A Clinical Method for Quantitative 
Determination of Potassium in Small Amounts of Serum, J. Biol. Chem. 46:339- 
349 (April) 1921. 


15. The preparation used was eschatin. 
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extract 16 was withheld. The condition of the patient remained very good; in fact, 
it was distinctly better than at the time of her admission to the hospital. She was 
able to get up from bed and to be around in the halls of the hospital every day. 
She slept well and ate practically all the food that was served to her. 





Intake Twenty-Four Hour Urine 
ee ————— SS ee 





Extract 
of 
Adrenal! : Total Total Total 
Cortex Sodium Chloride Potassium 
— ’ teen Tl eee “~~ 


Sodium Chloride 
rc iJFsF Oo 


Gm. 


Amount, Ce. 

Sodium Chloride, Gm 
Sodium Citrate, 
Millimols 

Millimols 

Millimols 

Total Nitrogen, Gm. 
Volume, Ce. 
Creatinine Nitrogen, Gm 
Total Nitrogen, Gm. 
Creatine Nitrogen, Mg. 
Millimols 


Gm. 


Gm 


9.6 270 
6.40 180 
7.47 210 
3.29 91 
4.79 135 
5.00 


‘61 
00 140 


Oona ggn oc 
9 [0 G0 GO 9 O0 oo 
o 

S3S33s8 
Seeeeee 
ag nd nd fa 
ARAAAAD 
PAOMARH 
“TOQQO-1 


0.29 
Period 1. Restricting Intake of Sodium 
5.21 226 664 187 1.2 
3.89 169 65.11 144 
6.15 268 8.14 228 
5.40 235 6.86 193 
151 4.53 128 
1145 «(3.17 89 
2.94 
2.48 
1.89 


tos sa 
momo 


ona 
33 


BRReeoss 
at edd fd pf fd 
ARABRAAAD 
ISSOSeaND 
4 
oS 


MH RARRMAAO 


6.0 
6.0 
1.5 
1.5 
1.5 
1.5 


ma 
aS 
ro rc 
VSOF2m 
Cte Sm Go 


2 
~ 
~1 
_ 


54 
1,08 
3.44 
93 
4.33 
3.20 

78 


= 


~ 


SSS8$ss 
Pm OVRLOD 


Bi Dyna ay nai 
von 


te 
~ 
-~Is) 
on 
tots 
SSanmses 


Pt at ted ed bd fad peal feet pet et 
PRAAAD AHS W 
-~I 
we 


SOSSSSSSSON” 


gigivivic 
IA 


MO CIEN SI COCo mI Coto ND Oe 
SHH im BS = imi: r 
SSM KSSSSSssses 


ALAR me 
-T-7 73-4 


NNNNNNANNNNNNNNS SOSOSOSNHNDDODH 
So 


CaCO Ae RM OR RE RR SRP eS ee Se DO 
nt a3 $2 & to ~316 
BSSaN 


Pek tt ee pe ep et 
ARBSINSkES 
Bast Is-1D 


AMARBABAARAA®A®A®D 


HONEA HNN rene erento: 
SOnkKOanekuabO~Te 


ite 
saa 
ooogo 
AAAKRAGH 


Is 


Period 2.—Efe 
4.45 125 
5.68 160 
8.44 237 
7.04 198 


M2 be 
Ned 
POD 
es 
=) 

ba 
oo 
Shi 
ISS 
99 co 
=i 
moo 
eSBs 


2 
3 
i} 
t 
Falak 
z 


PA AAAARAMMAABAPOS 


on 00 3s 


eared 
Ragan 
> 

jas 

a 


a eft add 
88 


on anNast 
NeeesaeRaaaRe 
NO 0S DO OS OT OT Or Ort OF 


_ 
1 8 bo ti 
tw 
a 


> & me me ATS DO ST ST 
—_ 


_* . on 
ooo" + St9 
AMAROMNPWOO HY oo 


ms 
WK pm HMR. 
toe 
sane 
SSS5 
ju & ao 
neS-RakS 


pe ropon~eans- 


3 
BS2RS285 


BSeBSosss 
323 
sesssscssssoe: 
2SBS8ese 


39 b0 63 
- ~tho 


$8 
& 


ee ee ed od 
~ 


RERARSSSSOSOSOS 
amRora Srna auSCataa 
bat tel bed fd pes BOD 

‘a — Soe 

wo 

Ss 

CO DO CO ee me Co me me CO CO 

2 8D CO me Pc Tt 

2 

ss 


igts 


&% do 
_ 
ts 


| 





. Except when otherwise specified, the extract of adrenal cortex adminis- 
tered in these cases was cortin prepared in the laboratory of the Division of Bio- 
chemistry of the Mayo Foundation. 
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On November 25 the extra sodium salts were’ withheld. This reduced the 
intake of sodium chloride to about 6 Gm. a day, namely, to the salt naturally 
contained in the food and the 4.5 Gm. of sodium chloride used in seasoning 
the food. On November 27 the sodium chloride used as seasoning was omitted, 
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which reduced the intake of sodium chloride to not more than 1.55 Gm. On 
November 27 the patient felt well and that night slept well. On the following 
day, November 28, she was weaker, and on November 29 she was unable to walk 
to the scales to be weighed. Her sleep was somewhat disturbed by restlessness ; 
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nevertheless, she continued to feel well, and nausea, hiccup, abdominal pain an 
other symptoms of impending crisis were absent. In addition, the pulse wa 
strong, and all the food served was eaten. On December 2, the eighth day afte: 
the intake of sodium and chloride had been restricted, the patient fainted while 
being weighed. Restlessness was increasing, and there was some nausea. Despit« 
this the patient’s condition did not suggest the development of a definite crisis. 
During this period of seven days in which the patient had been deprived of 
sodium chloride, the urinary excretion of sodium and chloride steadily fell, and 
by December 1 the output in the urine both of sodium and of chloride was 
not much in excess of the intake of these ions. In other words, the metabolic 
response to the restriction of sodium chloride was very nearly like that which is 
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Chart 1 (case 1).—Metabolic studies of a patient with Addison’s disease. 


observed in health; namely, the excretion was diminished sufficiently so that a loss 
of sodium and chloride was avoided. A slight depression of the levels of the 
ions of sodium and chloride in the blood plasma and an increase of the potassium 
ions to a high normal level were noted. 

In the interval from December 2 to December 15 the patient was given extra 
sodium chloride and sodium citrate by mouth daily. In addition, 10 cc. of extract 
of adrenal cortex 16 was injected on December 7 and again on December 8, the 
purpose of this being to insure as adequate body stores of sodium and chloride as 
may have existed on November 25. During this interval the intake of potassium 
was held at the low level of approximately 1.6 Gm. a day. The general condition 
of the patient became very satisfactory; certainly it was as good as before 
November 25. Beginning December 11 the sodium salts were administered by 
intravenous perfusions at twelve hour intervals so that changes could be made in 
the intake of salts without the patient’s knowledge. 
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Observations from December 15 to 29 (metabolic data in table 1 and chart 1, 

period 2): From December 16 to 24, inclusive, 6.6 Gm. of potassium citrate was 
dded to the perfusing fluids. This amount represented 2.4 Gm. of potassium and 

thus increased the daily intake of potassium from 1.6 to 4 Gm. The increased 
intake of potassium was followed immediately by a markedly increased excretion 

both sodium and chloride. On December 18 the sodium salts were removed 

om the perfusing fluids, being replaced by dextrose, and the intake of sodium 

ind chloride thus was reduced to the 6 Gm. of sodium chloride contained in the 
food and its seasoning. The excretion of sodium chloride continued high and 
by the morning of December 19, just twenty-four hours after the withdrawal 
of the extra sodium salts, the patient was definitely worse; she had lost 3 pounds 
(1.3 Kg.) and was very weak and sick. 

On the evening of December 19 sodium chloride and sodium citrate were given 
by vein, and on December 20 the administration of sodium salts by mouth was 
resumed; also 20 cc. of adrenal cortex extract was administered. 

On December 21 the patient was much improved, and on December 22 she 
was still strong. 

On December 23 the sodium salts again were withdrawn, the intake of 
potassium continuing unchanged, and the following morning, December 24, the 
patient again was seriously weak and nauseated. The deleterious effect of these 
relatively small doses of potassium citrate being greatly in evidence, the observa- 
tions were brought to a close. 

The patient was restored to a satisfactory condition by the intravenous injec- 
tion of sodium chloride and sodium citrate. The intake of potassium was dimin- 
ished to the previous level of 1.6 Gm. a day, and after December 25 only 5 Gm. 
of extra sodium chloride and 2.5 Gm. of sodium citrate was given daily by 
mouth. On December 29 the patient was permitted to return to her home on 
this regimen. 


In this case of Addison’s disease of cofsiderable severity the evidence 
indicates that a rigid restriction of sodium and chloride caused little 
disturbance of the metabolism of sodium and chloride and was reason- 
ably well tolerated when the intake of potassium was low (1.6 Gm. a 
day) but that the addition of only 2.4 Gm. of potassium, as potassium 
citrate, provoked an increased excretion of sodium and chloride. Under 
these circumstances restriction of the intake of sodium and chloride 
precipitated symptoms of a crisis of Addison’s disease. In the obser- 
vation reported the addition of potassium citrate and the withdrawal of 
sodium salts were accomplished without the patient’s knowledge, as all 
salts except the small amounts contained in the food were administered 
by intravenous perfusion. What appears in chart 1 to be a positive 
balance for sodium and chloride in period 2 of this experiment possibly 


is explained by the excretion of sodium and chloride in the feces. 


Analyses of the feces were not made. 


CasE 2.—Observations as to the Effect of the Level of Intake of Potassium on 
Addison’s Disease; Also the Effect of Diuretic Drugs—The subject of this study 
was a woman 33 years old who, with the exception of diphtheria at the age of 3 
years, a nervous breakdown at the age of 16 and rather frequent colds, was 
reasonably well until 1930. A severe infection of the upper respiratory tract, 


~ 
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called “flu,” confined her to bed for a week in 1930, and from this she recover: 
very slowly. The body weight had been 148 pounds (67.1 Kg.) before, but 
fell gradually, and the patient also lost endurance. She first noticed pigmentati 
of the face in 1933, which gradually involved the entire body. In 1935 a dentist 
called her attention to discoloration of the margins of the gums. Early in 1935 
frequent attacks of hiccup, much nausea and anorexia and greatly increased weak 
ness developed. During a menstrual period in July there were severe pains i: 
the lower part of the abdomen. A physician was called. A diagnosis of Addison’: 
disease was made, and treatment was started with daily injections of a commercial 
extract of adrenal cortex.15 For some time before this the patient had craved 
salt and had used salt in place of sugar. 

The patient first came to the clinic on July 19, 1935. She then was as dusky 
as a Negress and was deeply pigmented on the palms and fingers of the hands, 
over the bridge of the nose, around the mouth and at the points of pressure. The 
gingival margins also were pigmented. She was very weak and weighed 1(7 
pounds (48.5 Kg.). The blood pressure was 114 mm. of mercury systolic and 72 
diastolic. The pulse rate was normal. Roentgenograms revealed no evidence of 
tuberculosis of the lungs and no calcification in the region of the adrenal glands. 
The value for hemoglobin was 10.9 Gm. per hundred cubic centimeters. The 
flocculation test for syphilis was negative. 

Under treatment with extract of adrenal cortex, sodium chloride and sodium 
citrate improvement was observed, and the patient soon said she felt as well as 
at any time after the onset of her illness. An attempt was made at this time 
to restrict the intake of sodium and chloride and to give only extract of adrenal 
cortex. This was only moderately successful, and when the administration of 
extract of adrenal cortex was discontinued, the sodium content of the blood serum 
fell from 313 to 282 mg. per hundred cubic centimeters, the urea content rose 
from 30 to 40 mg. and symptoms of crisis developed within forty-eight hours. 
The diet at that time probably contained about 4 Gm. of potassium. 

After restorative treatment had been given the patient left for her home with 
instructions to take extract of adrenal cortex daily as well as 10 Gm. of extra 
sodium chloride and 1 level teaspoonful of sodium bicarbonate. At a visit to the 
office on September 26 she was stronger, her weight had increased to 115 pounds 
(52.1 Kg.) and she was free from symptoms. Her blood pressure was 115 mm 
of mercury systolic and 70 diastolic. At another visit on November 8 she was 
feeling very well. Her blood pressure was 118 systolic and 72 diastolic. She 
had been able to work at household tasks. 

On December 21 for no reason that was apparent at the time, symptoms of 
crisis developed suddenly: hiccup, nausea, vomiting, abdominal pain and great 
weakness. It is not improbable that the episode was precipitated by eating dates, 
figs, nuts and other “holiday foods” with a high content of potassium. More 
extract of adrenal cortex and more sodium chloride were given, but improvement 
was slow. The patient returned to the clinic on Jan. 16, 1936, and was placed 
in the hospital on that date. 

Observations from Jan. 18 to Feb. 1, 1936 (metabolic data in table 2 and 
chart 2, period 1): A study was made of the effect of restricting the intake of 
sodium and chloride with the intake of potassium at a low level. On January 18 
the diet was adjusted so that its estimated content of potassium was 1.6 Gm. The 
total intake of sodium chloride was made to approximate 16 Gm. a day, and 
sodium citrate was given in a daily dose of 5 Gm. The administration of extract 
of adrenal cortex was discontinued. 
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On January 20 the patient was comfortable, and the intake of sodium salts 
vas reduced to the sodium chloride contained in the food and its seasoning (1.5 
Gm. in the food and 4.5 Gm. used as seasoning). The patient became weaker, 
and on January 24 some hiccup, vomiting and abdominal pain occurred. On 
January 25 and 26 she was free from these symptoms but continued to be weak, 
and it was decided that the amount of salt required by the patient exceeded what 
she was receiving.17 

During this period of seven days in which the intake of sodium chloride was 
restricted, the urinary excretion of sodium and chloride steadily diminished, and 
after the third day the output in the urine was less than the intake. On the 
other hand, the levels of sodium and chloride in the blood declined, and the urea 
content of the blood increased from 24 to 42 mg. per hundred cubic centimeters. 
The patient lost 12 Kg. in weight during the first three days but thereafter lost 
no more. 


On January 27 the intakes of sodium and chloride were increased. Between 
January 30 and February 5 the condition of the patient was again entirely satis- 


factory. 

Observations from February 6 to 14 (metabolic data in table 2 and chart 2, 
period 2): A study was made of the effect uf increasing the intake of potassium. 
On February 6 the daily intake of potassium, which up to that time had remained 
at approximately 1.6 Gm., was increased to 4 Gm. by the administration daily 
of capsules of 6.6 Gm. of potassium citrate (2.4 Gm. of potassium). The admin- 
istration of extra sodium chloride and sodium citrate was not interrupted. Nausea 
developed on the afternoon of the first day of administration of the extra amount 
of potassium. The next day, February 7, the face was drawn, and the patient 
was hiccuping. That night she was restless and sleepless. On February 8 the 
weakness had increased, and by the morning of February 9, after another sleep- 
less night, the patient was extremely weak, and the respirations were irregular. 
A crisis was impending. The patient’s weight had fallen from 47.7 to 45.6 Kg. 
in four days. The urinary excretion of sodium and chloride was markedly 
increased, the levels of sodium and chloride in the blood fell and a retention of 
potassium and urea was evident. The potassium content increased from 18.8 to 
27.6 mg. per hundred cubic centimeters.1® 

On February 9 restorative treatment was administered. It consisted of the 
intravenous injection of large amounts of sodium chloride, sodium ditrate and 
extract of adrenal cortex, and by February 15 the patient again felt well and 
had regained her lost weight. 


17. A later review of the record of this case gives the impression that the 
restriction of sodium and chloride between January 20 and 27 would have been 
tolerated better had the patient not been menstruating. Menstruation started on 
January 21 and continued until January 27. All the pain was pelvic. At no time 
did the clinical picture resemble that of an impending crisis. Thus the weakness 
never was such that the patient could not stand for her daily weighing. Her 
face did not look drawn, and the respirations never were of the hyperpneic type 
usually observed when a patient is in a serious condition. 

18. This patient, receiving abundant sodium and chloride, reacted less stormily 
to the higher intake of potassium than the patients in cases 1 and 3, who had 
much smaller intakes of sodium and chloride. Unquestionably the high intakes 
of sodium and chloride protected her, but unquestionably the protection afforded 
was inadequate. The evidence is conclusive that potassium and potassium alone 
seriously aggravated her condition. 
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Observations from February 15 to 23 (metabolic data in table 2 and chart 2, 
period 3): A study was made of the effect of diuresis produced by the admin- 
istration of ammonium nitrate and salyrgan. As considerable diuresis character- 
istically accompanies the development of symptoms of a crisis in patients with 
Addison’s disease and since it accompanied the development of the critical con- 
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* Ammonium nitrate, grams. 
+ Salyrgan, cubic centimeter. 


dition in this case when potassium was administered and because such a loss 
of water alone might account for the loss of chloride and consequently for the 
symptoms, control observations were made in this third period after the admin- 
istration on February 16, 17 and 18, respectively, of diuretic doses of ammonium 
nitrate. This salt provoked an increased volume of urine and the loss of 1.4 Kg. 
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of weight. Some nausea occurred, and on February 17 the breakfast was vomited; 
also, there was some increase in weakness but not enough to interfere with the 
patient’s being up and about. On the morning of February 19 she said she felt 
very well. A loss of sodium chloride did not accompany the diuresis provoked 
by this administration of ammonium nitrate, and the concentrations of the electro- 
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lytes of the blood were not altered. On February 20 1 cc. of salyrgan was 
administered intravenously. This also produced no ill effects. 

On February 21 and 22 the patient felt very well, and on February 23 she 
was dismissed, with instructions to continue on the diet low in potassium and to 
take 10 Gm. of “extra” sodium chloride and 5 Gm. of sodium citrate daily. 
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In this case of Addison’s disease of great severity a restriction 
the intake of potassium to approximately 1.6 Gm. a day permitt 
limiting the sodium and chloride to the salt in the food and that use: 
for its seasoning (6 Gm.) for a period of six days. In period 
increasing the intake of potassium from 1.6 to 4 Gm. a day, by givin 
potassium as potassium citrate in capsules, precipitated a marked! 
increased urinary excretion of sodium and chloride and the rapi 
development of symptoms of a crisis of Addison’s disease. This occurrec| 
despite the administration of extra sodium chloride and sodium citrat: 
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Chart 2 (case 2).—Metabolic studies of a patient with Addison’s disease. 


In period 3 the diuresis produced by the administration of ammonium 
nitrate was not accompanied with a loss of sodium and chloride or with 
the development of serious symptoms. 


Case 3.—Observation on the Effect of the Level of Intake of Potassium in 
Addison’s Disease—The subject of this study was a woman aged 37 who in 
1913 had had an operation for acute tuberculous salpingitis and peritonitis. 
Signs and symptoms referable to Addison’s disease developed in the autumn of 
1933, consisting of fatigue, anorexia, loss of weight, a few black freckles and 
slight pigmentation of the gums. 

When the patient was examined at the clinic in February 1934, Addison’s dis- 
ease was suspected, despite the absence of diffuse bronzing of the skin. Eight 
grams of “extra” sodium chloride was prescribed in the form of pills. This treat- 
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ment was reasonably effective, and at the time of a second visit, in September 
1934, the condition of the patient was at least no worse than it had been. 

The patient was placed in the hospital in September 1934. In order to settle 
any doubts about the diagnosis of Addison’s disease, the salt pills were withheld, 
and the diet was made salt poor. Nausea and hiccup developed almost at once, 
and within two days the patient was in a state of collapse, with severe abdominal 
pain and cyanosis. Injecting sodium chloride and extract of adrenal cortex 
restored her, and she was then treated with extract of adrenal cortex without extra 
salt, the salt in the food amounting to approximately 6 Gm. The patient stood 
this for about three days, when she collapsed, so that restorative doses of sodium 
chloride again were needed. Later, while receiving treatment with extract of the 
anterior lobe of the pituitary gland, she tolerated restriction of sodium chloride 
for eight days,1® as has been described before.?° 

The patient returned to her home, under continuous treatment with extract of 
adrenal cortex and extra sodium chloride, and remained well until about February 
1. She was then brought to the hospital in impending crisis, which had developed 
following an attack of infection of the upper respiratory tract. Restorative treat- 
ment was administered, and the patient remained well until the period of observa- 
tion reported here. She entered the hospital at our request on October 6. She had 
been receiving daily 3 cc. of extract of adrenal cortex by subcutaneous injection 
and 10 Gm. of sodium chloride and 1 level teaspoonful of sodium bicarbonate by 
mouth. Examination revealed no abnormality not previously noted, except some 
pigmentation of the skin of the knees and wrists and of the creases of the palms. 
Roentgenograms of the region of the adrenal glands did not reveal calcification. 

Observations from October 6 to November 3 (metabolic data in table 3 and 
charts 3 and 4, period 1): <A study was made of the effect of restriction of the 
intake of sodium and chloride with the intake of potassium at a low level. On 


October 6 the diet was made to contain approximately 1.6 Gm. of potassium and 
6 Gm. of sodium chloride. In addition between October 6 and 15, 10 Gm. of 
sodium chloride and 5 Gm. of sodium citrate were given by mouth. The dose of 


extract of adrenal cortex was continued as before at 3 cc. a day. 

On October 7 the sodium chloride in the blood serum measured 676 mg. per 
hundred cubic centimeters, the sugar 78 mg. and the urea 30 mg. 

On October 16 the administration of “extra” sodium chloride and sodium 
citrate was discontinued, and the sodium chloride in the food was restricted to a 
maximum of not more than 1.5 Gm. a day. At the same time the dose of extract 
of adrenal gland was increased to 15 and later to 25 cc. a day. Menstruation 
commenced on October 18, and with it there was some cramping in the lower 
part of the abdomen, together with weakness and vertigo. Otherwise there were 
no untoward symptoms. On October 20, although menstruation was continuing, 
the unpleasant abdominal cramps had disappeared, and the patient looked and felt 
very well. She walked two miles. Her appetite was good. A week later, on 
October 27, she was still in good condition. Twelve days without trouble had 


19. This experiment needs repeating in the light of our present knowledge of 
the importance of controlling the potassium content of the diet. 

20. Wilder, R. M.: The Use of Anterior Lobe Pituitary Extract in the Treat- 
ment of Addison’s Disease, Proc. Staff Meet., Mayo Clin. 9:689-693 (Nov. 14) 
1934. 
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then passed since the intake of sodium and chloride had been so rigidly restricted. 
During that time the sodium and chloride contents of the urine had decreased, as 
they would under similar conditions in the urine of a person in good health who 
had been deprived of sodium and chloride; thus the body stores of these elements 
were but little affected. 
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* The specimen of urine reported on represents that passed from 7 a. m. to7 p. m. on January 13, a twelve-hour period. The — 
dition at 7 p. m., and 20 ce. more of extract of adrenal cortex was given after 7 p. m., with 800 ce. of a solution containing 16 (1 9 


On October 28 the administration of extract of adrenal cortex was discon- 
tinued. On October 29 and 30 there were no symptoms. The patient’s sleep dur- 
ing the night of October 30 and 31 was broken between 12 and 2 a. m. by 
restlessness. On October 31 weakness was increasing, and the appetite was lost. 
That night sleep was again broken by restlessness. Until then the patient had 
been up and about and had even been outdoors for short walks. On November 
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1 the patient rose, dressed and attended Sunday services in the building. She 
complained of weakness and noticed some pain in the epigastrium, some nausea 
and some deafness. These symptoms were minimal. The sodium and chloride 
contents of the blood plasma remained virtually unchanged, and the blood urea 
and serum potassium remained at normal values. On November 3 it was decided 
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figures should be multiplied by 2 for comparison with previous twenty-four hour collections. The patient was in a critical co1 
of sodium chloride and 4 Gm. of sodium citrate. 





to resume the previous treatment with sodium chloride and sodium citrate, 
although the experiment could doubtless have been continued longer. 

On November 3 the patient was permitted to go home, where she continued 
in good condition without having to resort to injections of extract of adrenal 
cortex except for a few days in December after an infection of the upper respira- 
tory tract. Her diet was adjusted so that the intake of potassium did not exceed 
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2.0 Gm. a day, and she was allowed 10 Gm. of sodium chloride and 5 Gm. of 
sodium citrate a day by mouth. She felt well and was able to do her housework. 
She returned to the hospital at our request on Jan. 5, 1936. 

Observations from Jan. 5 to 17, 1936 (metabolic data in table 3 and charts 
3 to 5, period 2): A study was made of the effect of increasing the intake of 
potassium in the food. From January 5 to 7, inclusive, the diet was adjusted so 
that the intake of potassium did not exceed 1.6 Gm. a day. Extra sodium chloride 
and sodium citrate were administered by mouth. This regimen approximated that 
to which the patient had been adhering for the preceding two months. 


Na Cl 
Period I Period II 6m. Gm. Gm 


Adrenal cortex © é ; renal corte x Yj 
YYW, extract YW | © extract 








Low potassium 
i intake 
| 41 millimols (1.6Gm,) 

















Be a: in urine 
Y Na-Ci intake 

1 i de i i i i é nf A. oO i 4 i i i L i -e 
24 25 26 2726 293031 1 2 3 5 6 7 6 9 1011 1218 
October November January 
































Chart 3 (case 3).—Metabolic studies of a patient with Addison’s disease. 


On January 8 the level of the intake of potassium was increased to 5.8 Gm. 
a day. This was accomplished by the inclusion in the diet of foods rich in 
potassium. Within twenty-four hours significant disturbances were observed in 
the urinary excretion of sodium and chloride and in the level of the sodium and 
chloride in the blood. The excretion of sodium and chloride increased. Diarrhea 
occurred on January 10 and 11. It was arrested by a dose of bismuth subnitrate 
and by arranging the diet so that it contained less laxative foods. This reduced 
the intake of potassium to 5.5 Gm. a day. It was suggested that the high intake 
of potassium was responsible for the diarrhea, the symptom having been observed 
occasionally in adrenalectomized dogs. Extract of adrenal cortex was given in 
small doses beginning on January 11. 

On January 11, although the diarrhea had stopped, the patient was weak. On 
January 12 she felt as sick as she had at any time in the period from Oct. 16 
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Nov. 3, 1935, although on Jan. 11 and 12, 1936, she was receiving sodium 
iults in large doses and extract of adrenal cortex in a small dose, and from Oct. 
15 to Nov. 3, 1935, the intake of sodium and chloride were restricted to a mini- 
num, and after October 27 she received no extract of adrenal cortex. She com- 
plained on January 13 of a great loss of strength, of deafness and of epigastric 
istress. She was apprehensive and depressed. On January 13 the “extra” sodium 
chloride and sodium citrate were withheld, the total intake of sodium and chloride 
being reduced to that contained in the food. Anorexia prevented the patient from 
ating much of the food. At 1:10 p. m., after the noon meal, an episode of hic- 
cupping occurred which lasted for ten minutes. At 3 p. m. the patient tried to 
valk but could not stand. At 7:30 p. m. she was very weak and was failing 
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Chart 4 (case 3).—Further metaboiic studies of a patient with Addison’s disease. 


rapidly. The respirations were hyperpneic, the radial pulse was palpated with 
difficulty and the patient looked haggard. Between 7 a. m. and 7 p. m. she 
had passed nearly 2,000 ce. of urine, and her body weight had declined 2 pounds 
(0.9 Kg.), it being 4 pounds (1.8 Kg.) less than on January 9. A crisis obviously 
impended, and restorative treatment therefore was necessary that evening. A 
solution containing 16 Gm. of dextrose, 16 Gm. of sodium chloride, 4 Gm. of 
sodium citrate and 20 cc. of extract of adrenal cortex was administered. 

On January 14 the patient felt well until in the afternoon, when again she 
had some symptoms of adrenal insufficiency. Another intravenous injection was 
given. Her condition then was good, and by January 17 the lost weight had 
been regained and she could be permitted to return to her home. 


In this case of Addison’s disease of moderate severity the evidence 
is conclusive of intolerance to potassium and benefit by limiting the 
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intake of it. In the period elapsing from Jan. 5 to 14, 1936, when th 
food provided from 5.5 to 5.8 Gm. of potassium, large losses of sodium 
chloride and nitrogen occurred, together with marked creatinuria (charts 
3 to 5). This occurred despite a large intake of sodium and chloride 
and the administration of small doses of extract of adrenal cortex. I; 
an earlier period, from Oct. 27 to Nov. 6, 1935, when the diet was so 
constructed that the daily intake of potassium did not exceed 1.6 Gm., 
the patient tolerated an almost complete deprivation of sodium and 
chloride for a period of seventeen days. Extract of adrenal cortex was 
administered during the first twelve days of this period but not during 
the last five. 
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Chart 5 (case 3).—Further metabolic studies, period 2. 










Of significance also is the fact that with a diet low in potassium 
and only moderate doses of extra sodium and chloride, the patient 
remained in good health at home for sixty-six days without the benefit 
of injections of extract of adrenal cortex, which previously, when 
attention was not directed to the potassium content of the diet, had been 
necessary. : 

The ill effect of the larger intake of potassium from Jan. 8 to 15, 
1936, inclusive, is not attributable to diuresis. The amount of water 
excreted daily was not more than that excreted between Oct. 16 and 
Nov. 3, 1935, when the intake of potassium was lower. The correlation 
| is with the urinary excretion of sodium and chloride—in the periods 
when the intake of potassium was low the excretion did not greatly 
exceed the intake of sodium and chloride; in the period when the intake 
of potassium was high it did. 
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COMMENT 


That potassium is toxic when perfused through the isolated heart 
or other muscles or when injected in sufficient amounts into an intact 
animal is a matter of common knowledge. Also that the kidney of a 
patient with adrenal insufficiency is relatively less competent than normal 
has been known since its demonstration in 1916 by Marshall and Davis.** 
Hastings and Compere ** in 1931 showed that the concentration of 
potassium in the blood of dogs increases after the removal of the adrenal 


elands. The concentration before death reached 20 millimols per liter, 
a value which was found to be comparable to the concentration of 
potassium in the blood of normal dogs killed by the injection of a 
large amount of potassium. Their statement that this observation 
“might be of importance in reaching an understanding of the cause of 
death following the functional or surgical removal of the suprarenal 
glands” proves to have been prophetic. 

Concentrations of plasma potassium as great as those recorded by 
Hastings and Compere have not been encountered among patients with 
Addison’s disease, but that retention of potassium may occur in Addi- 
son’s disease has been shown by Loeb and others.** In twenty-four 
cases Marafion and Collazo ** used Kramer’s method of analysis and 
obtained values ranging from 21.7 to 49.5 mg. per hundred cubic centi- 
meters (5.5 to 12.7 millimols per liter). The normal concentration of 
potassium in the plasma is from 16 to 20 mg. per hundred cubic centi- 
meters (4 to 5 millimols per liter). The Spanish investigators attributed 
the dehydration of Addison’s disease to a disturbance of equilibrium 
between the potassium and the sodium of the plasma and made the sug- 
gestion that one of the physiologic activities of the hormone of the 
adrenal cortex is the maintenance of this regulation. This equilibrium 
is not easily disturbed. If one adrenal gland remains intact, as was 
shown by Loeb, Atchley, Benedict, and Leland,’ large doses of potassium 
salts may be given without harm. In one experiment from 5 to 7 Gm. 
of potassium chloride was administered daily to a dog deprived of one 
adrenal gland, with the purpose of inducing an increased excretion of 
sodium. No loss of sodium occurred, and the proportions of potassium 
and sodium in the plasma remained unchanged. 


21. Marshall, E. K., Jr., and Davis, D. M.: The Influence of the Adrenals on 
the Kidneys, J. Pharmacol. & Exper. Therap. 8:525-550 (Sept.) 1916. 

22. Hastings, A. B., and Compere, E. L.: Effect of Bilateral Suprarenalec- 
tomy on Certain Constituents of the Blood of Dogs, Proc. Soc. Exper. Biol. & 
Med. 28:376-378 (Jan.) 1931. 

23. Loeb, R. F.: Chemical Changes in the Blood in Addison’s Disease, Science 
76:420-421 (Nov. 4) 1932. 

24. Marafién, G., and Collazo, J. A.: Die Deshydrierung in der Addisonschen 
Krankheit und ihr Mechanismus, Wien. Arch. f. inn. Med. 27:189-200, 1935. 
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Urechia and his collaborators ** suggested that the toxicity of 
potassium ion and its action on muscle fiber explain the asthenia 
Addison’s disease, and Nicholson and Soffer *° obtained a striking co: 
relation between the concentration of potassium in the plasma of adrenal! 
ectomized dogs and the auricular fibrillation not infrequently encountere:| 
after adrenalectomy. The value for potassium in the animals in whic! 
fibrillations developed was never less than 52 mg. per hundred cubi 
centimeters (13.3 millimols per liter), and in one animal it reached 92.5 
mg. per hundred cubic centimeters (23.6 millimols per liter). Auricula: 
fibrillation has not been recorded in Addison’s disease, but probably it 
has been looked for infrequently in the terminal stages, when the reten 
tion of potassium is at its maximum. 

Harrop and his associates ** (1933) also considered the extrenx 
muscular weakness of adrenalectomized dogs to be due in part to th 
disturbance in the relative concentration of the basic ions in the tissu 
and body fluids and observed further that adrenalectomized dogs main 
tained with an extract of adrenal cortex and fed exclusively on meat 
(a food rich in potassium) were unusually sensitive to withdrawal o{ 
the extract. Harrop and his co-workers have also pointed out that the 
consequence of the loss of sodium chloride and water through the kid- 
neys of adrenalectomized dogs recalled the studies of Gamble and his 


associates on dogs which had lost sodium chloride and water by drainage 
of pancreatic juice from a Pavlov fistula: “The greater rapidity of the 


appearance of serious symptoms on a meat diet without added salt, in 
which the fixed base is in large part potassium, and hence unsuited to 
the repair of plasma and the interstitial fluid loss was striking and also 
in keeping with the effects in suprarenalectomized dogs deprived of 
extract.” Gamble and Mclver in one of their papers commented on an 
earlier observation of Pavlov that a milk diet will considerably prolong 
the survival period of dogs suffering from a deficit of sodium resulting 
from a pancreatic fistula. 


25. Urechia, C. I.; Benetato, G., and Retezeanu: Le potassium sanguin apres 
extirpation des glandes surrénales, Compt. rend. Soc. de biol. 119:439-440 (March 
21) 1935. 

26. Nicholson, W. M., and Soffer, L. J.: Cardiac Arrhythmia in Experimentai 
Suprarenal Insufficiency in Dogs, Bull. Johns Hopkins Hosp. 56:236-243 (April) 
1935. 

27. Harrop, G. A.; Weinstein, Albert; Soffer, L. J., and Trescher, J. H.: The 
Diagnosis and Treatment of Addison’s Disease, J. A. M. A. 100:1850-1855 (June 
10) 1933. Harrop, G. A.; Saffer, L. J.; Ellsworth, Read, and Trescher, J. H.: 
Studies on the Suprarenal Cortex: III. Plasma Electrolytes and Electrolyte 
Excretion During Suprarenal Insufficiency in the Dog, J. Exper. Med. 58:36 
(July) 1933. 
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Our idea that limiting the intake of potassium might favorably influ- 
ice the course of Addison’s disease thus was a rational deduction from 
ndirect evidence already available. 

We are fully aware that the data of the present report are not as 
omplete as might be desired. Analyses of the feces should have been 
made. More determinations of the excretion of creatine would have 
been helpful, and longer periods between changes of regimen would 
have been advantageous. It happened that the facilities of the labora- 
tory at the time did not permit more extensive analytic determinations, 
ind the necessary consideration of the welfare of the patients frequently 
interfered with the extension of the periods of observation. The data, 
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Chart 6.—Metabolic studies of a normal subject. 


however, are sufficiently complete to reveal that low levels of intake 
of potassium are advantageous in Addison’s disease, and this was the 
primary question for which we sought an answer. An intake of potas- 
sium not greater than that provided by a general diet (about 4 Gm.) 
caused a loss of ions of sodium and chloride and the development of 
symptoms of crisis even when “extra” sodium chloride and sodium 
citrate were administered. A diet still higher in its content of potassium 
(period 2 in case 3) was correspondingly more disturbing and produced 
serious consequences which were not prevented even by treatment 
with “extra” sodium chloride, sodium citrate and small doses of extract 
of adrenal cortex. On the other hand, diets restricted in the content of 
potassium to approximately 1.6 Gm. permitted the maintenance of all 
three patients without resort to injections of extract of adrenal cortex, 





390 ARCHIVES OF INTERNAL MEDICINE 


and under such circumstances even a rigid restriction of the intake , 
sodium salts was tolerable (cases 1 and 3) for a period of many day 


That potassium in the maximal amounts received by these patient 
produces no untoward effects in normal subjects is perfectly obvious 
The amounts involved are no greater than most persons receive each 
day with their usual meals. A series of observations on a normal subject 
comparable to those made with the patient in case 2 will be reported 
soon by two of us (Drs. Kepler and Adams) with Dr. Blum. The data 
of three periods of their study are shown in chart 6. It is clearly evi 
dent from them that increasing the intake of potassium from a low to 
a high level provoked no loss of sodium and chloride ions even when 
the intake of sodium and chloride was at a minimum. The feces were 
analyzed in their study, and since the observations were made in the 
winter, when the loss of sodium and chloride through the skin is at a 
minimum, the metabolic balances for sodium and chloride were perfectly 
reliable. 

We have limited the evidence for reporting here to that obtained in 
only three cases of Addison’s disease, because in these cases the meta- 
bolic data available were reasonably complete ; our conclusions, however, 
are supported by additional experience. Recently a patient was placed 
in the hospital for withdrawal of salt from the diet, a procedure which 
Harrop and his associates proposed as a diagnostic test for adrenal 
insufficiency. It consists of restricting the intake of sodium and chloride 
to the salts of the unseasoned foods and has been supposed not to be 
tolerable for longer than a few days (five at the most) in any case of 
Addison’s disease. The patient in question was not grossly pigmented, 
and her only symptom was weakness. She withstood the procedure for 
six days; no symptoms other than the original weakness developed and 
there were no greater changes for the values of sodium and chloride of 
the plasma than would be normal. At a later time, with a diet made 
to contain approximately 5.5 Gm. of potassium, the test was repeated. 
It was badly tolerated, and clear symptoms of adrenal insufficiency 
developed within three days. It now is apparent that attention must be 
paid to the potassium content of the diet in evaluating the results of 
this diagnostic procedure and likewise that all earlier experimental work 
on adrenal insufficiency, as well as procedures for the biologic assaying 
of extracts of adrenal cortex, will require revision from the standpoint 
of rigid control of the intake of potassium. 

Two patients with obvious Addison’s disease recently were admitted 
to the hospital in conditions bordering on crisis. In both cases the urea 
content of the blood and the potassium content of the plasma were 
elevated, whereas the sodium and chloride contents of the plasma were 
moderately depressed. In these cases, without resorting to injections of 
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extract of adrenal cortex but by restricting the intake of potassium and 
idequately supplying calories, sodium chloride and sodium citrate, the 
patients were restored. 


It must be emphasized that subjects who are eating little or nothing 
because of nausea, are subsisting, in fact, on a metabolic mixture of 
food material high in potassium. This is because the endogenous supply 
of nutrients, on which they are depending, contains a large amount of 
tissue protein, which, like meat, is rich in potassium. Wastage of protein 
is characteristic of the crisis of Addison’s disease, as is evidenced by 
negative nitrogen balances, and it is not improbable that the well known 
advantage of injections of dextrose in the treatment of the crises of 
Addison’s disease depends, in part at least, on the “sparing effect” on 
protein of the calories supplied by the dextrose. 

Diets Low in Potassium.—The preparation of a palatable diet which 
will contain not more than 1.6 Gm. of potassium requires the same 
careful planning as does that of a diet for a diabetic patient. Sherman’s 
table showing the ash constituents of foods in percentage of the edible 
portion was compiled from various sources, and, while we have followed 
it to date in planning these diets, we are far from satisfied with it. 
\ recent study by Davidson and LeClerc ** indicated that there is a con- 
siderable variation in the content of potassium and other bases of vege- 
tables obtained from different regions and that the mineral composition 
of vegetables seems to be correlated with the fertilizer treatment of the 
soil or the chemical composition of the irrigation water. Possibly also 
the meat of animals grazing on fields fertilized with potassium will be 
richer in potassium than the meat of othe: animals. These matters are 
being investigated by Sister Mary Victor and Miss Lydia Nelson, grad- 
uate students in nutrition of the Mayo Foundation. A practical sug- 
gestion already has come from the study being made by Sister Mary 
Victor—by boiling vegetables in two or three changes of water from 
75 to 80 per cent or more of their salts, including potassium, can be 
removed. Potatoes, for instance, which normally contain more than 400 
mg. of potassium in each hundred grams, can be washed by this means 
and subsequently seasoned by the addition of table salt. Foods espe- 
cially rich in potassium, containing, for example, more than 300 mg. of 
potassium in each hundred grams, include the following: meats, fowl, 
fish of all kinds, potatoes, sweet potatoes, peas, beans, beets, cabbage, 
celery, chard, chestnuts, spinach and other greens, pumpkin, squash, 
parsnips, dried fruits (especially dates), figs, prunes, banana, pineapple, 


28. Davidson, J., and LeClerc, J. A.: The Variation in the Mineral Content 
of Vegetables, J. Nutrition 2:55-66 (Jan.) 1936. 
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nuts of all kinds, wheat, bran and molasses. Obviously such foods mus: 
be used in moderation if the total intake of potassium is to be hx 
below 1.6 Gm, 
The diet planned by Sister Mary Victor for the experiments her 
reported was as follows: 
LOW POTASSIUM DIET 


Potassium, 1.6 Gm.; Protein, 57 Gm.; Calories, 2,350 


Breakfast 

Food Grams Approximate Measur 
TNE 8c cin antes bn he ieee 100 14 glass 
EE PO Pree he rh 15 1 serving 
as dw oe Os ag Bites b pieais 5 50 One 
sciatic. chan wtiiy Sie aw es 50 2 slices 
BU ee ee ei an 20 2 squares 
Cream, 40 per cent fat........... 75 % cup 
Coffee if desired 

Dinner 
Beef tenderloin (weight uncooked) 70 1 average serving 
Potato, thrice boiled... .<.<...... 100 1 average serving 
SMI aan ii 6325 eed < Sri Ne 25 1 small serving 
Bs Re ee eet PCRS ee 25 2 celery hearts 
ME oe. Gate oo ie Cn sens: « 55 4 sections 
| SSO ere oar ears ae 50 2 slices 
ay ate oy A ge ee Se 25 2% squares 
Cream, 40 per cent fat........... 20 1 tablespoon 
Tea or coffee if desired 
Supper 

CROCE Ep yeanen Cue nae eta 40 2 cubic inches 
BRiGe | CWOIGRE EY). «oo cases en ce 25 1 average serving 
Rs i oss alnas yas keeps ss 50 Y% average serving 
Pe NRE oo cece CvinsS Jas 15 1 tablespoon 
IN yds sc kuwin Sasa oom be ok ee 80 MY average size 
OME eens weWere were cenens 50 2 slices 
NE hie celled lscsevweo ie es 25 2% squares 
Cream, 40 per cent fat........... 20 1 tablespoon 


Tea or coffee if desired 


This diet, and indeed all the diets low in potassium that we have 
been able to plan, contain what seems to be an adequate amount of 
protein but a bare minimum of calcium and other minerals. The content 
of vitamins A and C is adequate, but the content of vitamins B and G 
is low. An important consideration therefore will be the matter of sup- 
plementing such diets with what is missing. This can be accomplished 
by prescribing calcium phosphate, an iron salt and a suitable concen- 
trate of vitamins B and G. 
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CONCLUSIONS 

[he potassium content of the diet of patients with Addison’s disease 
ifiects the course of the disease and the development of the symptoms 
of crisis. 

An intake of potassium not greater than 4 Gm. a day, an amount 
comparable to that contained in a normal diet, may promote the excre- 
tion of sodium and chloride whereby significant losses of sodium and 
chloride occur and symptoms of crisis are precipitated. It may not be 
possible to prevent the occurrence of these effects of potassium with 
intakes of sodium and chloride as high as those provided by the admin- 
istration of 18 Gm. of sodium chloride and 5 Gm. of sodium citrate 
daily. 

If the intake of potassium is restricted to about 1.6 Gm. a day, the 
requirement of sodium and chloride is materially diminished, and it 
becomes possible, although not necessarily desirable, to maintain patients 
with smaller doses of sodium salts than otherwise are needed and with- 
out injections of extract of adrenal cortex. Optimal therapeutic results 
demand not only the restriction of potassium but optimal rather than 
minimal doses of sodium salts and when possible, and certainly in emer- 
gencies, injections of an active extract of adrenal cortex. 

The arranging of a diet which will contain not more than 1.6 Gm. 
of potassium requires careful planning. Such a diet is likely to be 
inadequate in calcium, phosphate, iron and vitamins B and G. To avoid 
complications from deficiencies of these factors, the diet should be sup- 
plemented suitably by the addition of calcium phosphate, some iron salt 
and a concentrate of vitamins B and G. 
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Classification of the types of pneumococci in endemic pneumonia 
was incomplete previous to and during the earliest part of our work 
Originally group IV contained types IV to XXXII, and at least thre 
different specific types were included in type II and two in type III. 
Since the more comprehensive classification of Cooper’ and_ her 
co-workers has been accepted, the distribution of the types of pneu- 
mococci in endemic pneumonia has been studied in various parts of the 
world. These types have occurred in differing proportions, according 
to reports published in New York,? Boston * and San Francisco * and 
in Great Britain,> Germany,® Holland,’ India * and South Africa.° 


This study received financial support in part from the Metropolitan Life 
Insurance Company. 

From the Littauer Pneumonia Research Fund of the New York Universit) 
College of Medicine; from the Medical Service, the Harlem Hospital (Department 
of Hospitals), and from the Research Laboratories (Department of Health) of 
the City of New York. 
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\Ve have studied the 4,048 cases of endemic pneumococcic infection 
corded during seven years, 1928 to 1935, at the Harlem Hospital. 
here were 2,708 cases of pneumonia in adults and 663 cases of pneu- 
onia (primary) in children, a total of 3,371 cases.’° In addition, there 
ere 573 cases of adults and 204 cases of children suffering from 
ronchitis or acute infection of the upper respiratory tract, which im 
me instances simulated pneumonia when the patient was admitted 

the hospital. 

The methods of study have been outlined in our studies on bac 
teremia.' In addition to the methods used for adults, the sputum of 
many of the children was obtained by means of the laryngoscope and 

some cases by gastric aspiration. In most cases, however, pharyngeal 

swabbing, with incubation of the swab in broth, was carried out. 

The patients were admitted to the Harlem Hospital to the service 
for patients with acute respiratory diseases of one of us (Dr. Bullowa) 
or to the pediatric service of Dr. Morris Gleich, who granted permis- 
sion for the study of the children with pneumonia. The Harlem Hos- 
pital is a general municipal hospital located in the northeastern section 
of Manhattan Island, in the center of a population of about 250,000 
Negroes. The district reached by ambulance includes also a large popu- 
lation of Puerto Ricans, Italians, Finns and Irish. The ambulance 
service is active, and according to the terms of the city charter it may 
not be refused to any patient who demands hospitalization. Patients 
are occasionally transferred to or from other hospitals. Accordingly, 


a 


5. Cowan, J. M., and others: Felton’s Serum in Lobar Pneumonia, Lancet 
2:8-11 (July 2) 1932. Cruickshank, R.: Felton’s Serum in Lobar Pneumonia 
Serological Typing of Pneumonia, Tr. Roy. Med.-Chir. Soc. Glasgow 25:34-38, 
1931. 
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Epidemiologie der Gruppe X der Pneumokokken, Ztschr. f. Hyg. u. Infektionskr. 
113: 498-522, 1932. 

7. Vedder, A.: Das Vorkommen der Pneumokokkentypen 4-32 in Amster- 
dam, Acta brev. Neerland. 3:35-37, 1933. 

8. Napier, L. E., and Dharmendra: Incidence of Pneumococcal Types in 
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included in our graphs and tables. Cases were omitted in which a second pneumo- 
coccus or other organism complicated the designation as well as cases of pneu- 
monia due to an unclassified pneumococcus. - The latter constituted 1.2 per cent 
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one may say that the material included in the statistics is a rando 
sample of the cases of pneumonia as they occurred from year to ye: 


and represents the endemic pneumonia and pneumococcic infectio: 
of the northern half of Manhattan Island and the lower portion , 


the Bronx. 
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Chart 1—Summary of-2,708 cases of pneumococcic pneumonia in adults from 
1928 to 1935. In charts 1 and 2 the black columns represent the patients who 
died and the white columns the patients who recovered. 


The statistical year runs from July 1 to June 30, thus including 
an entire pneumonia season. The total number of patients admitted to 
the hospital year by year, together with the mortality percentages, is 
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raphically presented in charts 1 and 2. It will be observed that the 


mortality for adults varied from 24 to 27 per cent in the first three 
vears, and in the four later years it varied from 21 to 24 per cent. 
During this period the mortality for children varied from 7 to 12 pér 
cent in five of the seven years studied but reached 16 per cent in1930- 
1931 and 20 per cent in 1932-1933. The year 1930-1931, which’ showed 
a high death rate (16 per cent) for children. showed also a very high 
death rate for adults (27 per cent). In 1932-1933, when there were 
fewer cases in children, there was a high mortality for children (20 per 
cent). Previously and subsequently it did not exceed 16 per cent. 
There were a large number of cases of Streptococcus haemolyticus 
infection complicating pneumonia in the year 1930-1931. 

The year by year variation in the percentage distribution of the 
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various types of pneumococci and the combined percentage distribution 
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Chart 2.—Summary of 663 cases of pneumococcic pneumonia in children from 


1928 to 1935. 




















28-29 


for the seven years are shown in tables 1 and 2 for adults and children, 
respectively. In table 1 it is important to observe that type III pneu- 
monia occurred slightly more frequently in adults than type II pneu- 
monia and that types IV, V, VII and VIII were of almost as great 
importance from the. standpoint of frequency as type II pneumonia. 
Though type II organisms produced the infection in 8.3 per cent of 
the cases of pneumonia in adults, they caused pneumonia in only 12 
children (table 2). 

Charts 3 to 5 for adults and charts 6 and 7 for children show the 
annual incidence of each type of pneumonia for a seven year period. 
It will readily be seen that from year to year the occurrence of the indi- 
vidual types of pneumonia varied widely. The marked fall in the total 
number of cases in 1931-1932 (chart 1) was reflected in the reduction 
in the total number of cases of type I pneumonia (charts 3 to7). How- 
ever, the marked increase in type I pneumonia in 1934-1935 was greater 
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Chart 5.—Charts 3 and 4 continued. 
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Chart 6.—The yearly variations from 1928 to 1935 in the types of pneumonia 
in 663 children. 
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Chart 7.—Chart 6 continued 
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than expected, with the prediction based on chart 1. It will be noted 
that while the number of cases of type I pneumonia increased, the 
number of cases of type I] pneumonia decreased. It must be noted also 
that type III pneumonia and especially type VIII pneumonia increased 
in frequency during the last two years. Type V pneumonia, after 
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Chart 8.—Mortality percentages in 1,515 cases (in adult patients) of pneumo- 
coccic pneumonia from 1928 to 1935 in which no serum was administered. First 
the types are arranged in numerical order and then according to the mortality 
percentages. 


reaching an apparent maximum in 1931-1932, became infrequent until 
1934-1935, when the frequency increased to a new high level. Cases 
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percentages in 498 cases (in children) of pneumococcic 


pneumonia from 1928 to 1935 in which no serum was administered. 


Chart 9.—Mortality 
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of the other types involved were too few to be considered separate! 
It may be observed, however, that though in adults the incidence o 
type III and type VIII pneumonia increased in the later years, this wa 
not true for children. 

The annual proportional distribution among the types is given i) 
tables 1 and 2, which show that the various types of pneumococci 
pneumonia varied in frequency from year to year. Charts 8 and ° 
give information concerning the fatality of the different types, arrange: 
numerically and also in the order of the fatality rate. 

The various types of pneumococcic pneumonia varied markedly as 
to their fatality rates when serum treatment was not given. It is impor- 
tant to note that the cases may be grouped into those in which the 
mortality rate was more than 25 per cent and those in which it was 
less than 25 per cent. Some of the types of pneumonia for which 
serum is available are not among the most fatal types. Chart 9 shows 
that for only four of the types common to children was the mortality 
rate over 25 per cent. It may be seen also that eleven types did not 
cause death among children and that type I, which was eighth in order 
of frequency of fatality for adults, was least fatal for children. In 
adults types II, III, XV and XXIII were the most fatal. In children 
the fatal types were XIII, XXVIII, XXIII and XV. Type XXIII 
appeared to show a high mortality rate for both children and adults. 


In addition to studying the annual variation in the types of endemic 
pneumococcic pneumonia, a study of the monthly occurrences of non 
pneumonic pneumococcic infections of seven important types was 
undertaken for the year 1934-1935. It was thought that infections of 
the upper respiratory tract would precede the occurrence of pneumonia, 
and with this in mind the graph shown in chart 10 was prepared. In 
no instance did an observed infection of the upper respiratory tract 
of a given type precede the occurrence of pneumonia due to that type 
of organism. It is noteworthy that the different types of infection 
occurred at different times of the year and especially that type VIII 
infection occurred all through the pneumonia season, while type V was 
largely encountered during the late spring of the year studied. 


There were 449 cases of nonpneumonic pneumococcic infection in 
adults during the seven year period. The most frequent infections were 
of types III, VI and VIII, as shown in chart 11. One of the types 
with a high fatality, type II infection, rarely appeared as a nonpneu- 
monic infection, in spite of the frequency of this type as an incitant of 
pneumonia. In contrast, type III infection was fatal and frequent in 
pneumonia and was frequent also in nonpneumonic infections. 

An entirely different series of types predominated among the non- 
pneumonic pneumococcic infections of the respiratory tract in children 
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(chart 12). Types VI, XIV and XIX were the most important. Next 
ere types XV and XVIII, which are of major importance in causing 
pneumonia. 
Lister and Ordman have recorded that after vaccination of the 
laborers in certain mines of the Witwatersrand gold fields the types of 
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Chart 10.—The monthly incidence in 1934-1935 of pneumonia and nonpneu- 
monic infections of the respiratory tract of the common types. The black lines 
indicate pneumonic infections and the white lines nonpneumonic infections. Note 
the sharp rise in type V pneumonic infections in the spring months and that 
it was not preceded by a rise in the nonpneumonic infections. 
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pneumococci recovered in cases of pneumonia changed. .They fou 
that though the incidence of infections of the respiratory tract \ 
unchanged, the mortality from pneumonia was materially reduced 
the mines in which the workers had been vaccinated. The number 
cases in which a pneumococcus was not isolated increased by two-thi: 
(from 11.6 to 31.2 per cent). 


t 


Chart 11—Types of nonpneumonic pneumococcic infections of the respi 
tract in 473 adults from 1928 to 1935. 
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tract in 204 children from 1928 to 1935. 


In the communities where vaccination had not been carried out group 
B (our type II) pneumonia was the type most frequently found (31.6 per 
cent), and group C (our type 1) was second (18.4 per cent). Group 
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(our type III) became relatively more frequent in the communities 
here vaccination was performed (from 3.9 to 16.9 per cent). The 
iccine used on the Witwatersrand was potent for our types I, II and 
(11 pneumococci and for a number of others (whether the latter were 
the same as the Cooper types is at present under investigation). The 
ncidence of group C (our type I) pneumonia was diminished from 
18.4 to 11.7 per cent by inoculation. By increasing the strength of the 
vaccine against group B (our type II) pneumococci, Lister and Ordman 
said that they were attempting to diminish the number of cases of 


pneumonia due to that pneumococcus. 


CONCLUSIONS AND SUMMARY 
The endemic pneumonias are a series of diseases which vary as to 


their occurrence from year to year and from month to month. They 


differ in respect to the age of the patients, incidence, mortality, ten- 
I 


dency to invade the blood stream and other characters. 

Whether the specific types of endemic pneumonia have individual 
cycles, as suggested by some of the graphs, can be determined only after 
the results of more studies similar to ours are available and after our 
own studies have been continued for a longer period. The results may 
justify immunization against the more fatal or more frequent types, so 
as to reduce the incidence of these infections. Such studies are required 
so that physicians and manufacturers may learn what types of pneu- 
monia are prevalent and may require serum for treatment and vaccine 
for immunization. 

There is a marked difference in the types of pneumonia among 
children and adults living in the same community; it remains for future 


investigations to determine the reasons for this difference. 








PULMONARY CAPACITY IN LOBAR PNEUMONIA 


WITH SPECIAL REFERENCE TO COLLAPSE THERAPY 


NOLAN L. KALTREIDER, M.D. 


H. VAN ZILE HYDE, M.D. 
AND 
WALTER W. FRAY, M.D. 


ROCHESTER, N. Y. 


During the past several years artificial pneumothorax as a therapeu- 
tic measure in cases of lobar pneumonia has been enthusiastically 
employed. Initially pneumothorax was used empirically, and even at 
the present time the experimental data supporting the rationale of its 
use are meager (Lieberman and Leopold'). The consensus? seems 
to be that the administration of artificial pneumothorax is a useful 
procedure in the treatment of unilateral lobar pneumonia when it is 
instituted early in the disease when there are no preexisting adhesions. 
The effect of this procedure in relieving the distressing symptoms of 
lobar pneumonia (pleuritic pain, dyspnea and toxic phenomena) has 
been described by most observers, and many have reported a critical 
fall in temperature (crisis) in approximately half the cases. The 
rationale for this procedure has not been subjected to extensive inves- 
tigation, but the beneficial effects have been attributed to the following 
factors: (1) relief of pleural pain, (2) compression and immobilization 
of the acutely inflamed lung, (3) decrease in the absorption of toxins on 
the affected side due to the shunting of the blood flow from the affected 
to the unaffected side and (4) mobilization of the antibodies.* 


Aided by a special grant from the Rockefeller Foundation. 

From the Department of Medicine, the School of Medicine and Dentistry, 
of the University of Rochester, and the Medical Clinic of the Strong Memorial 
and Rochester Municipal Hospitals. 

1. Lieberman, L. M., and Leopold, S. S.: Therapeutic Pneumothorax in 
Experimental Lobar Pneumonia in Dogs, Am. J. M. Sc. 187:315, 1934. 

2. (a) Leopold, S. S., and Lieberman, L. M.: The Present Status of Artificial 
Pneumothorax in the Treatment of Lobar Pneumonia, Ann. Int. Med. 9:19, 1935. 
(b)Moorman, L. J.: Artificial Pneumothorax in the Treatment of Pneumonia: 
Report of Cases, Internat. Clin. 4:119, 1934. (c) Blake, F. G.; Howard, M. E., 
and Hull, W. S.: Artificial Pneumothorax in the Treatment of Lobar Pneumonia, 
J. A. M. A. 105:1489 (Nov. 9) 1935, 

3. Perlroth, S., and Topercer, M.: Behandlung der Pneumonien mit kiinst- 
lichen Pneumothorax, Wien. klin. Wchnschr. 45:1508, 1932. 
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(he many stimulating reports (see Leopold and Lieberman ** and 
Hiake, Howard and Hull ** for a review of the literature) on the treat- 
nt of lobar pneumonia by pneumothorax have led us to investigate 
the effects of this procedure on the respiratory function in this disease. 
[he present study concerns the alterations in the vital capacity and 
other components of the total pulmonary capacity and the roentgeno- 
eraphic measurements during the induction of artificial pneumothorax 
cases of typical lobar pneumonia. 


METHODS AND MATERIAL 


\fter the necessary preliminary examinations had been made and blood and 
sputum had been obtained for bacteriologic examination, a diagnostic roentgeno- 
eram of the chest was taken. When the patient’s condition warranted it, roent- 
genograms were taken at both maximum inspiration and maximum expiration, 
according to the technic described by Hurtado and one of us (W. F.).4 From these 
roentgenograms the size and expansion of the chest could be followed throughout 
the course of the disease. 

By the time the roentgenographic examinations were completed the prevailing 
type of organism in the sputum and the group of the pneumococcus had been 
determined by the Quellung method. The diagnosis being confirmed by roent- 
genograms and the etiologic agent being known, the patient was wheeled in a 
bed to a quiet room adjoining the laboratory, where measurements of the pulmonary 
capacity were made and artificial pneumothorax was induced. 

Arterial blood was obtained from the radial artery and analyzed for the carbon 
dioxide and oxygen contents and the oxygen capacity by the method of Van Slyke.5 

Next the expired air was collected for a two or three minute period in a 
Douglas bag. The number of respirations was counted. The gas was measured 
by means of a Sargent wet meter, and the volumes were reduced to standard. 
We found, as have others,® that each patient invariably changes his type of 
breathing as soon as the mouth-piece is adjusted. The respirations become deeper 
and less frequent. Consequently, the values for the pulmonary ventilation are 
valueless and have been discarded. The temperature, pulse rate and respiratory 
rate charted in the accompanying figures were obtained from the nurses’ records. 

Measurement of the Pulmonary Capacity——The midcapacity (the amount of 
air remaining in the lungs at the end of normal expiration) was determined by 
the oxygen dilution method without forced breathing, as described by Christie.? 
The length of the rebreathing period was seven minutes in all determinations. 
Duplicate determinations were usually made. The vital capacity was then mea- 
4. Hurtado, A., and Fray, W. W.: Studies of Total Pulmonary Capacity 
and Its Subdivisions: II. Correlation with Physical and Radiological Measure- 
ments, J. Clin. Investigation 12:807, 1933. 

5. Peters, J. P., and Van Slyke, D. D.: Quantitative Clinical Chemistry: II. 
Methods, Baltimore, Williams & Wilkins Company, 1932. 

6. Binger, C. A. L., and Brow, G. R.: Studies on the Respiratory Mechanism 
in Lobar Pneumonia: A Study of Lung Volume in Relation to the Clinical Course 
of the Disease, J. Exper. Med. 39:677, 1924. 

7. Christie, R. V.: The Lung Volume and Its Subdivisions: I. Methods of 
Measurements, J. Clin. Investigation 11:1099, 1932. 
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sured graphically by means of a recording spirometer. The reserve and 
plementary volumes were measured separately. All determinations were 
with the patient lying in bed with the head of the bed raised about 45 deg 
Binger and Brow ® said that such factors as pleuritic pain, anoxemia and ge: 
muscular weakness may easily impair the accuracy of measurements of the 
capacity. Fortunately in our experiments the patients who were selected proved 
to be cooperative, and we believe that the values for this capacity represent 
true alterations produced by both the local and the systemic factors caused 
acute febrile disease. 

With the patient in the same position a needle was inserted in the second inter 
space in the midclavicular line. After the needle reached the intrapleural space 
from 30 to 50 cc. of air was injected, and the intrapleural pressure and the tid, 
volume were registered simultaneously by means of recording pens. The injectio: 
of air was then continued until a maximum of 500 or 600 cc. was reached or unti! 
the expiratory pressure was slightly positive. 

The patient was then returned to the division for nursing care and rest 
Fluids were forced to 4,000 cc., and each patient received at least 10 or 12 Gm 
of sodium chloride per diem. In addition to the usual clinical records, the chloric& 
content of the serum and the urinary excretion of chlorides were determined i1 
most cases. Usually from six to eight hours elapsed before the patient was 
returned to the laboratory, where the aforementioned procedures were repeated 
save for the arterial puncture. This process was continued until either th 
affected lung was collapsed or the crisis appeared. If the patient had preexisting 
adhesions, air was given until the mean intrapleural pressure equaled the atmos- 
pheric pressure. 

After the crisis the determinations of the pulmonary capacity were made, and 
roentgenograms were taken at varying intervals. The examinations of the patients 
were repeated from one to six months after their discharge from the hospital 
After complete recovery a roentgenogram was taken at maximum inspiration for 
the purpose of estimating the normal capacity.’ 

Owing to the many procedures and the critical condition of the patients, arterial 
blood and simultaneous records of the intrapleural pressure and the tidal volume 
were not obtained as frequently as was desired. 


8. The regression formulas for the prediction of the normal capacity are 
follows : 
1. For males between the ages of 18 and 35 


Vital capacity in liters = roentgenographic volume of chest (* 0.24) 
1.22. 


as 


Total capacity in liters — vital capacity y 199. 


For males between ages of 35 and 60 
Total capacity in liters — roentgenographic volume of chest ( 


—0.17. 


Vital capacity in liters = ae xX 728. 


. For females 
Vital capacity in liters = roentgenographic volume of chest ( 0.214 
+ 0.95. 


Total capacity in liters = es 100. 
“he 
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luring the past several years Hurtado and one of us (N. L. K.) have had 

pportunity to study two medical students and one patient from the outpatient 

irtment who became ill with pulmonary tuberculosis and were treated by arti- 

11 pneumothorax. In the case of one (C. J.) the pulmonary capacity was 

isured both before the onset of the disease and after the establishment of com- 
plete pneumothorax (left side). Each of the others was investigated only after 
collapse of the affected lung. These cases have been included in this study. 

Since we are primarily interested in the disturbances in respiratory function 
during the course of lobar pneumonia and during collapse therapy and not in the 
therapeutic efficacy, the material was limited to cases of typical early unilateral 
lobar pneumonia of pneumococcic origin. In one case (T. M.) the pneumonia 
was of central type without complete lobar consolidation. Nine patients with 
pneumonia were studied, seven of whom were treated with artificial pneumothorax. 
There were two cases each of types I, III and XXXII, one each of types II and 
VII and one of group 4, the type being undetermined. The group included six 
men and three women, with ages ranging between 18 and 46 years. A brief review 
of the physiology of respiratory function during the induction of pneumothorax 
in a relatively healthy subject and during the course of lobar pneumonia is perti- 
nent to an understanding of the alterations in the respiratory bellows during the 
insufflation of air in a case of pneumonia. 


RESULTS 

Alterations in the Pulmonary Capacity During the Induction of 
Pneumothorax in Relatively Healthy Subjects—Since artificial pneu- 
mothorax is usually unilateral, the alterations in the pulmonary capacity 
are complex. The vital capacity has been studied extensively during 
the establishment of pneumothorax, but the other components of the 
total capacity have been neglected. Most investigators *® have agreed 
that when a relatively normal lung is collapsed the decrease in vital 
capacity is not proportional to the amount of air injected. The initial 
insufflation causes a marked reduction in this capacity, but after several 


hours there is a slight increase. In subsequent inflations the same 


9. (a) Anthony, A. J., and Heine: Spirographische Untersuchungen bei 
Lungenkollaps: I. Mitteilung, Beitr. z. Klin. d. Tuberk. 71:362, 1929. (b) Ben 
dove, R. A.: The Vital Capacity in Artificial Pneumothorax: The Mechanism 
and the Factors Modifying the Vital Capacity, with Especial Reference to Its 
Clinical and Prognostic Value in the Collapse Therapy, Arch. Int. Med. 36:94 
(July) 1925. (c) Gutman, S.: Capacidad vital, Rev. méd. latino-am. 19:34, 1933 
(d) Kochs, K.: Studien tiber die Vitalkapazitat bei kiinstlichem Pneumothorax, 
bei Phrenicusexairese und einseitigem Brustheftpflasterverhand, Beitr. z. Klin. d. 
Tuberk. 78:734, 1930. (e) Myers, J. A., and Bailey, W.: Studies on the Respir- 
atory Organs in Health and Disease: XX. The Value of the Vital Capacity 
Test in Artificial Pneumothorax Treatment, Am. Rev. Tuberc. 10:597; 1925. 
(f) Schill, E.: Pneumothoraxstudien: II. Ueber den Zuzammenhang von Vital- 
capacitat, Pneumothoraxdruck und Lungenkollaps bei mit Pneumothorax behandel- 
ten Lungenkranken, Beitr. z. Klin. d. Tuberk. 65:492, 1927. (g) Sieper, H.: 
Die Vitalkapazitat bei der Lungenphthise, besonders bei der Lungencollapstherapie, 
ibid. 65:725, 1927. 
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quantity of air causes various diminutions in the vital capacity in the 
same subject. The complexity of changes in the vital capacity during 
the induction of pneumothorax has been variously attributed to the 
following factors: (1) the amount of air injected, (2) the intrapleural 
pressure (type of pneumothorax), (3) the structural and functional 
status of the affected lung, (4) status of the contralateral lung, (5) the 
stability of the mediastinum, (6) movements of the diaphragms and 
(7) the elasticity of the thoracic cage. An interplay of these factors 
can cause a multiplicity of alterations in the vital capacity and the other 
components of the total pulmonary capacity. 

Obviously, alterations in the vital capacity cannot be interpreted 
without a knowledge of the volume of residual air. Because of the 
difficulties in measuring this volume, it has received little attention.'° 
Anthony and Heine" found that after unilateral pneumothorax the 
amount of residual air was diminished but that the diminution varied 
markedly. Furthermore, the variation was dependent not on the volume 
of the pneumothorax but on the rigidity of the mediastinum, alterations 
in the movements of the thoracic cage, the anatomic changes in the 
collapsed lung and a theoretical capacity designated by them as the “vital 
minimal volume.” The normal capacity (midcapacity) was diminished, 
but the reduction was smaller than the veiume of the pneumothorax. 
These investigators observed also that both the volume of the pneumo- 
thorax and that of the contralateral lung increased after the insufflation 
of air but that the increase of the latter was not so great as the increase 
of the volume of the pneumothorax. 

The alterations in the pulmonary capacity following unilateral pneu- 
mothorax are shown in figure 1. In the first case (C. J.), in which 
there was complete pneumothorax of several months’ duration on the 
left side, the total and vital capacities and the midcapacity were mod- 
erately reduced, being 68, 57 and 68 per cent, respectively, of the pre- 
dicted capacity. The amount of residual air was actually higher than 
the predicted value and only slightly less than that found before the 
establishment of pneumothorax. 

In the second patient (J. K.) the right lung was collapsed about 
70 per cent. The measurement of the pulmonary capacity was made 
three hours after a refill was given. The intrapleural pressure at that 
time was —4 cm. of water at the end of normal inspiration and 
atmospheric (0 cm. of water) at the end of expiration. Here again, 


10. Wolf, H. J.: Die nervése Atmungsregulation bei der Lungentuberkulose : 
III. Der Einfluss des kiinstlichen Pneumothorax auf den Ausfall der Funktions- 
priifung der Atmung und auf das Verhalten der Lungenvolumina, Ztschr. f. d. ges. 
exper. Med. 63:616, 1928. 

11. Anthony, A. J., and Heine: Spirographische Untersuchungen bei Lungen- 
kollaps: II and III. Mitteilung, Beitr. z. Klin. d. Tuberk. 73:51, 1929; footnote 9a. 
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the total and vital capacities and the midcapacity all were proportionally 
reduced, approximately 40 per cent, while the amount of residual air 
was 56 per cent of that predicted. 

The results in the third case (D. F.) were similar to those in the 
first. The determination of the pulmonary capacity was made several 
days after the last refill was given, at which time the intrapleural 
pressure was —4 cm. of water at normal inspiration and 0 cm. of water 
at expiration. The left lung was collapsed about 80 per cent. There 
was a reduction of from 50 to 55 per cent in the total and vital capaci- 
ties and the midcapacity, while the amount of residual air was 65 per 
cent of that calculated. 

In these cases all the values for the ratio etx 100 were 
slightly increased, owing to a greater reduction in the vital capacity 
than in the volume of residual air. Likewise, the values for the ratio 
midcapacity \. 


— x 100 were slightly elevated. There was no disturbance, 
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Fig. 1—Predicted and observed pulmonary capacities in patients with unilateral 
pneumothorax. The columns with broken lines represent the predicted values, while 
the cnes with solid lines represent the observed pulmonary capacity. In this and 
subsequent figures the black area represents the residual air and the white space 
above represents the vital capacity. The line dividing the vital capacity is the 
level of the midcapacity. 


however, in the components of the vital capacity, the complementary 
air comprising approximately 80 per cent of the vital capacity. 
Anthony and Heine * found that the alterations in the vital capacity 
due to a change in posture in persons with pneumothorax were similar 
to but not as marked as the changes in normal subjects. The effect 
of posture was studied in two of our patients (fig. 1). When the 
subject assumed a sitting position there was a marked increase in the 
total and vital capacities and the midcapacity and in the amount of 
reserve air. There was a moderate increase in the amount of residual 
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air, while the change in the amount of complementary air varied. ‘| je 
percentage of change was similar to that found in normal person 

The size of the chest (the area of the pulmonary fields) in one 
case (C. J.) was essentially the same after the injection of air as 
before, but in all cases the ability to expand the thorax was marked|\ 
diminished (table). The excursions of the diaphragm and the rotation 
of the ribs were greatly reduced on the affected side, while on the 
opposite side they were actually increased. 
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Fig. 2.—Predicted and observed pulmonary capacities during the course of 
lobar pneumonia. In this and subsequent charts the symbols (in the lower division) 
for the various absolute and relative values of the pulmonary capacity are identical. 
The column with broken lines at the extreme right represents the predicted values 
for the pulmonary capacity. At the left are recorded the respiratory and pulse 
rates, the temperature in degrees centigrade and the leukocyte count. This patient, 
W. A., a man aged 22, was admitted to the hospital on Oct. 7, 1934, and was 
discharged on October 26. In this case and in all the other cases in this series 
culture of the blood was sterile. The lower lobe of the right lung was the site 
of pneumonia due to type VII pneumococci. 


12. Hurtado, A., and Fray, W. W.: Studies of Total Pulmonary Capacity 
and Its Subdivisions: III. Changes with Body Posture, J. Clin. Investigation 
12:825, 1933. 
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\iterations in the Pulmonary Catacity During the Course of Lobar 
Pneumonia.—According to the observations of Myers ** and Arnett," 
soon after the onset of lobar pneumonia the vital capacity is reduced 

mendously. The maximum reduction is reached near the day of 
the crisis, and the increase in this capacity is the first evidence of 
resolution. Eventually there is a return of the vital capacity to the 
prepneumonic level, unless pleural adhesions are present to prevent it. 
Furthermore, there is no parallelism between the extent of the pul- 
monary lesion and the reduction in the vital capacity (Myers*® and 
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Fig. 3.—Observed pulmonary capacity during the course of lobar pneumonia. 
The serum chloride content is expressed in milligrams per hundred cubic centi- 
meters and the amount of sodium chloride excreted per diem in grams. The blood 
for these determinations was collected under oil without stasis by the resident 
physicians of the hospital, and the analyses were made by technicians in the clinical 
laboratory. This patient, E. G., a man aged 42, was admitted to the hospital on 
March 18, 1935, and was discharged on April 8. The upper and lower lobes of 
the right lung were the site of pneumonia due to type II pneumococci. 


13. Myers, J. A.: The Vital Capacity of the Lungs, Baltimore, Williams & 
Wilkins Company, 1925. 

14. Arnett, J. H.: Vital Capacity of the Lungs: Changes Occurring in Health 
and Disease, J. Clin. Investigation 14:543, 1935. 
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Anthony **). Binger and Brow ® -found that a “constant relation: 
existed between the persistence and disappearance of symptoms 
fluctuations of the functional residual air. This capacity was di 
ished during the persistence of pathological signs in the lungs, 
returned to normal as the pathological signs disappeared.” Meas) 
ments of the volume of residual air during lobar pneumonia have } 
made in only a few cases.*® Usually it is reduced but not in proporti 
to the pulmonary involvement. The degree of diminution in the volume 
is influenced by a number of factors, which will be discussed later. 
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Fig. 4—This patient, A. D., a man aged 21, was admitted to the hospital on 
Oct. 15, 1934, and was discharged on November 4. The lower lobe of the right 
lung was the site of pneumonia due to type I pneumococci. 


The values for the total pulmonary capacity and its subdivisions 
during the course of lobar pneumonia are presented in figures 2 and 3. 
Observations in seven cases prior to the insufflation of air in the pleural 


15. Anthony, A. J.: Untersuchungen tiber Lungenvolumina und Lungenventila- 
tion, Deutsches Arch. f. klin. Med. 167:129, 1930. 
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are shown in figures 4 to 10. Early in the course of the disease 
n the second to the fourth day after the onset) the vital capacity 
markedly reduced (from 35 to 65 per cent of the predicted values) 
ll cases. There appeared to be no general relationship between the 


lil 


However, several patients (E. G., E. L., I. G. and M. L.) who com- 
plained of pleuritic pain showed a greater reduction in this capacity 


it of the pulmonary involvement and the reduction in this capacity. 


than those who did not complain of this type of pain. Interestingly, 
in one patient (W. A.) pleural pain developed on the seventh day 
of the disease, and the vital capacity fell from 63 to 44 per cent of 


the predicted value. 
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Fig. 5.—This patient, E. L., a woman aged 45, was admitted to the hospital 
on Oct. 27, 1934, and was discharged on November 13. The middle and lower 
lobes of the right lung were the site of pneumonia due to type IV pneumococci. 


[he alterations in the residual air during the early stages of lobar 
pneumonia were variable. There was a slight reduction (from 68 to 
92 per cent) of this capacity in three patients (W. A., A. D. and 
T. M.), while in the remainder the amount of residual air was actually 
increased. Similar observations were found with regard to the mid- 
capacity, except that the reduction was more marked. The greater 
diminution in the midcapacity than in the amount of residual air may 
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have been due to changes in the volume of reserve air, but it was {i 
that the latter volume constituted a normal percentage of the 
capacity. 

There was a reduction in the total capacity (from 55 to 80 per cent 
but not so marked as that in the vital capacity, owing to the relative 
increase in the amount of residual air. Pleural pain likewise influenced 
the diminution in this capacity. 

The relative values are of great interest in these cases. Because of 
the relatively greater reduction in the vital capacity than in the amount 





TAY ATER I wTalialiayt 
ONSET | : 2]3] wt 
| 


we ote | TT 
| | 
| 





lod ae 
40130 40 
35120 39 | | | 
/ | | } 

| 


30110 38 
2500 37 }-- smc < : ey 
20 90 3€ | te | 

15 80 WBC | | | = of 

















| 














| 
| | 





CONVALESCENCE 





1 


oxecen® 
Sarum rion 


| 
} 











Fig. 6.—This patient, C. M., a man aged 18, was admitted to the hospital on 
Dec. 11, 1934, and was discharged on December 28. The upper lobe of the left 
lung was the site of pneumonia due to type III pneumococci. 


i ‘ . , resi lai i . 3 
of residual air, the ratio eae X 100 was increased in all patients 
except one (T. M.). This patient had a central type of pneumonia. A 
similar but less marked change was found in respect to the ratio 


midcapacity 
total capacity x 100. 
The measurements of the pulmonary capacity were followed 


throughout the course of the disease in two cases (figs. 2 and 3). As 
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the disease progressed all the absolute values were further decreased. 
This continued until the crisis, when they remained stationary for 
several days and then gradually returned to the predicted values within 
a period of one or two months after the onset of the disease. The 
return was gradual and never complete in one case (E. G.), owing 
probably to thickening of the pleura at the base of the right lung. A 
spread of the consolidation to another lobe (E. G.) further reduced 


the absolute values for all the components. 
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Fig. 7—This patient, T. M., a man aged 45, was admitted to the hospital on 
Dec. 18, 1934, and was discharged on Jan. 3, 1935. The upper lobe of the right 
lung was the site of pneumonia due to type III pneumococci. There was pul- 
monary fibrosis throughout both pulmonary fields. 


Details of the roentgenographic measurements are charted in the 
accompanying table. During the stage of consolidation there was a 
marked reduction in the patient’s ability to expand the chest, as evi- 
denced by alterations in the values for the excursions of the diaphragm, 


t t t 
movement of the ribs and the ratio 2%°2-2t- maximum _expirationyy 100, Simi- 


area at maximum inspiration 





lar alterations in the movement of the ribs and diaphragm have been 
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observed by Jung and Van Allen.'® The level of the diaphragn. at 


maximum inspiration was generally higher on the involved than on 
the contralateral side. As the process in the lung resolved the height 


of the pulmonary field increased. Since the two sides of the thorax 
cannot act absolutely independently, these changes were reflected to 
a lesser degree on the opposite side. The area of the pulmonary ficlds 
(including the cardiac area) increased somewhat as the patient con- 
valesced. Both the area and the transverse diameter of the heart were 
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Fig. 8—This patient, I. G., a woman aged 29, was admitted to the hospital 
Jan. 4, 1935, and was discharged on January 21. The lower lobe of the left lung 
was the site of pneumonia due to pneumococci of group 4, type XXXII. 


increased during the height of the disease and then gradually became 
smaller as the process abated. Levy ** observed similar changes in the 


cardiac shadow. 


16. Jung, T., and Van Allen, C.: A Method of Recording Respiratory Move- 
ments on a Single Roentgenogram, Nat. M. J. China 17:195, 1931. 

17. Levy, R. L.: The Size of the Heart in Pneumonia: A Teleroentgeno- 
graphic Study, with Observations on the Effect of Digitalis Therapy, Arch. Int 
Med. 32:359 (Sept.) 1923. 
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he changes in the arterial blood were typical of lobar pneumonia 

idie,’® Barach and Woodwell,’® Meakins and Davies 2° and others). 

[he oxygen saturation was below normal in all but one patient (C. M.). 

oxygen capacity was normal. There was a moderate reduction 

the carbon dioxide content of the arterial blood (a range of from 35 
residual air 


to 44 volumes per cent). When the value for the ratio——“ < 100 


1 Capacity 


was more than 45 per cent, a certain degree of anoxemia was always 
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Fig. 9—This patient, M. L., a woman aged 46, was admitted to the hospital on 
' 


Jan. 8, 1935, and was discharged on January 24. The lower lobe of the right 
lung was the site of pneumonia due to pneumococci of group 4, type XXXII. 


Determinations of the Pulmonary Capacity of Patients with Lobar 
Pneumonia Treated by Collapse Therapy (Clinical Observations) .— 
Most observers? have agreed that artificial pneumothorax in lobar 

18. Stadie, W. C.: The Oxygen of the Arterial and Venous Blood in Pneu- 
monia and Its Relation to Cyanosis, J. Exper. Med. 30:215, 1919. 

19. Barach, A. L., and Woodwell, M. N.: Studies in Oxygen Therapy: II 
In Pneumonia and Its Complications, Arch. Int. Med. 28:394 (Oct.) 1921. 

20. Meakins, J. C., and Davies, H. W.: Respiratory Function in Disease, 
London, Oliver & Boyd, 1925. 
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pneumonia is effective only when treatment is instituted early and w! 
the affected lung is quickly and completely compressed. All of our 
patients were treated early in the course of the disease (on or befor 
the fourth day), but complete collapse or nearly complete collapse was 
effected in only two (E. L. and M. L.) and moderate collapse 

one (C. M.). Total collapse in the other cases was not obtained for 
several reasons: (1) pleural adhesions were present (T. M.), (2) 
either the quantity of air injected was too small or the air was not 
injected fast enough (A. D. and I. G.) or (3) the process spread to 
the contralateral lung (W. H.). Usually at each treatment sufficient 
air was given to establish a positive expiratory pressure with a mean 
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Fig. 10.—This patient, W. H., a man aged 21, was admitted to the hospital on 
March 11, 1935, and died on March 13. The upper lobe of the right lung was 
the site of pneumonia due to type I pneumococci. 


intrapleural pressure in the neighborhood of 0 mm. of water or slightly 
positive. The total amount of air injected ranged from 350 cc. (I. G.) 
to 2,250 cc. (M. L.). The clinical results were not striking. Pleural 
pain when present was relieved in all cases (E. L., I. G. and M. L.). 
Two patients (E. L. and I. G.) volunteered the remark that they “felt 
better after the air” was given. The injection of air caused no notice- 
able change in the pulse or respiratory rates except in one case 
(T. M.), in which respiratory distress developed during the second 
treatment. After 300 cc. was removed the distress was relieved. Obvi- 
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ousivy, because of the small series of cases, one is not justified in drawing 
any conclusions concerning the production of a crisis by artificial pneu- 
mothorax. Only two complications were encountered, a sterile pleural 
effusion (I. G.) and acute respiratory distress (T. M.). One of the 
seven patients (W. H.) treated by collapse therapy died (seventy-two 
hours after the onset of the disease). At the time treatment was insti- 
tuted the patient showed physical and roentgenographic evidence of 
consolidation of the upper lobe of the right lung. Twenty-four hours 
before death occurred a roentgenogram showed that the left lung was 
clear. Clinically there was a rapid spread to the opposite side after 
this, and at autopsy there was early involvement of the entire left lung. 

Details of the alterations in the pulmonary capacity are given in 
figures 4 to 10. After the first injection of air the absolute values for 
all the components were rapidly and proportionally reduced, and sub- 
sequent insufflations caused a less marked diminution. The various 
capacities expresse. in percentages of the predicted values were almost 
identical after several injections. However, the reduction in the amount 
of residual air was slightly less than that of the other volumes. There 
appeared to be some relation between the amount of air given and 
the degree of diminution in the various capacities. As a rule the decre- 
ment of the capacities amounted to a little more than 50 per cent of 
the predicted values (from 40 to 50 per cent in E. L., C. M., I. G. and 
M. L. and from 50 to 60 per cent in A. D.). In one case (T. M.) the 
injection of 800 cc. of air over a period of twenty-four hours caused 
no reduction in the volumes. 

Interestingly enough, during the establishment of pneumothorax the 
ratios ax 100 and aX 100 were decreased in all 
cases but one (T. M.), indicating a more normal relationship of the 
volume of residual air, the midcapacity and the vital and total capacities. 

After the crisis the values for all the different capacities gradually 
returned to normal. However, the restoration was more rapid in 
patients without pneumothorax (W. A. and E. G.) than in those treated 
by this procedure. In two patients (E. L. and M. L.) the vital and 
total capacities did not reach their predicted values, even four or six 
months after the onset of the disease. This discrepancy was due to 
the formula applied for the prediction. The formula used in these cal- 
culations was based on the values obtained for normal women between 
the ages of 18 and 30 years. Measurements recently made in this clinic 
for normal women in older age groups indicate that this formula does 
not apply to older women. 


ROENTGENOGRAPHIC MEASUREMENTS 


Results of the various measurements are presented in the accom- 
panying table. The height of the pulmonary field on the affected side 
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and the area of the pulmonary field were larger during maxinii 
collapse than before the establishment or after the disappearance of 
the pneumothorax (see cases E. L. and M. L., in which the affected 
lung was almost completely compressed). The measurements in the 
other cases showed no consistent changes. Establishment of pneumnio- 
thorax in patients with lobar pneumonia had no effect on the degree 
of dilatation of the heart. 
COMMENT 


Pulmonary Capacity in Patients with Unilateral Pneumothora, 
The total and vital capacities and the midcapacity are proportionally 
reduced in patients with unilateral pneumothorax of several months’ 
duration. It has been shown that the decrease in residual air is not 
proportional to that of the other capacities, resulting in a high value 


residual air 


for the ratio < 100. If the determinations are made shortly 


total capacity “ 
after a refill is given, the diminution in this capacity is more marked 
(J. K.) than when it is measured several days later (C. J. and D. F.). 
Furthermore, our results show that for pneumothoraces of similar vol- 
umes the reduction in the amount of residual air was greater when 
the affected lung was rapidly collapsed (E. L. and M. L.) than when 
it was more slowly compressed (C. J. and D. F.). In other words, 
some time after the injection of air there occurs a gradual increase 
in the volume of the residual air. This increment is probably due to 
an increase in the volume of the contralateral lung, usually referred 
to as “compensatory emphysema.” Anthony and Heine *:"' observed 
that the volume of the contralateral lung increases after the establish- 
ment of unilateral pneumothorax. 

The pathogenesis of this type of emphysema is somewhat different 
from that of the obstructive type. The conditions (such as pneumonia, 
congestive heart failure, anoxemia, pulmonary fibrosis and pulmonary 
atelectasis) in which “compensatory emphysema” appears are not usu- 
ally associated with bronchial obstruction. Prinzmetal* said that he 
believed this is due to pulmonary distention. He has shown in acute 
experiments on animals that in conditions in which there are an 
increased carbon dioxide and a decreased oxygen tension in the inspired 
air the intrapleural pressure is more negative and the size of the chest 
increases. When he exposed animals to low oxygen tension over a 
period of weeks, he found that the alveoli of the lungs were greatly 
dilated. Other investigators found similar changes but with the addi- 
tional findings of marked congestion of the capillaries (Hurtado ” 


21. Prinzmetal, M.: The Relation of Inspiratory Distention of the Lungs to 
Emphysema, J. Allergy 5:493, 1934. 

22. Hurtado, A.: Respiratory Adaptation of the Indian Natives of the Peruvian 
Andes: Studies at High Altitudes, Am. J. Anthrop. 17:137, 1932. 
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Hurtado and others **) and a decrease in the distensibility of the 
lungs (Christie and Meakins **). In many of these conditions, espe- 
cially congestive heart failure and compression of one lung, in which 
“compensatory emphysema” develops the circulatory rather than the 
respiratory factors play the major role. Von Basch** on the basis 
of physical experiments and Christie and Meakins ** on the basis of 
in vivo observations have shown that the compensatory emphysema 
associated with cardiac disease is due to circulatory adjustments. More 
recently McIntosh ** pointed out that after thoracoplasty there is 
increased congestion of the contralateral lung, accompanied with an 
increase in the volume of the residual air. Although the mechanism 
involved in the production of this type of emphysema has not been 
determined, we believe, from the information available, that the impor- 
tant etiologic factor is circulatory rather than respiratory. However, 
if either of these mechanisms continues for any considerable period, 
a loss of pulmonary elasticity, emphysema and a decreased negative 
intrapleural pressure result. If this process is initiated by the respira- 
tory mechanism, one may expect to find a stimulus for increased inspi- 
ratory muscular activity, leading to pulmonary distention and 
hyperventilation of the whole lung or portions of it. A little later, or 
even in the absence of pulmonary distention, there occurs congestion 
of the capillaries, with decreased distensibility of the lungs, accom- 
panied with a less negative intrapleural pressure. The engorgement 
of the alveolar capillaries and the increased rigidity of the lungs will 
increase the number and size of the alveolar air spaces, thus tending 
to increase the amount of residual air and decrease the vital capacity. 

The relative increase in the amount of residual air in unilateral 
pneumothorax of some months’ duration is in all probability due to 
such a process. It has been generally agreed by most recent investiga- 
tors (Coryllos and Birnbaum ** gave a review of the literature) that 
the circulation in the collapsed lung is progressively impaired. Since 
the output of the heart remains unaltered or slightly decreased in some 
23. Hurtado, A.; Kaltreider, N. L., and McCann, W. S.: Respiratory Adapta- 
tion to Anoxemia, Am. J. Physiol. 109:626, 1934. 

24. Christie, R. V., and Meakins, J. C.: The Intrapleural Pressure in Con- 
gestive Heart Failure and Its Clinical Significance, J. Clin. Investigation 13:323, 
1934. 

25. von Basch, cited by Lundsgaard, C.: Determination and Interpretation of 
Changes in Lung Volumes in Certain Heart Lesions, J. A. M. A. 80:163 (Jan. 20) 
1923, 


26. McIntosh, C. A.: Respiratory Physiology in Thoracic Surgery, Ann. Surg 
102:961, 1935. 

27. Coryllos, P. N., and Birnbaum, G. L.: The Circulation in the Compressed, 
Atelectatic and Pneumonic Lung, Arch. Surg. 19:1346 (Dec.) 1929. 
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cases (Nylin,** Bluhm ** and Cournand, Bryan and Richards *°) 
volume of the blood and the blood flow must be greater in the un 
lapsed lung, resulting in engorgement of the capillaries, which increa 
the rigidity of the lung and the alveolar air spaces, thus preventing 
collapse and increasing the volume of residual air. The ventilation 
(at rest) is the same after pneumothorax as before. Hence the ventila- 
tion of the uncollapsed lung must be doubled, thus ensuring a more 
uniform distribution of air throughout the lung (Meakins and 
Davies 2°). This improvement in alveolar ventilation by hyperventila- 
tion, however, will be curtailed to some extent by the impairment in 
pulmonary elasticity and distensibility (Christie and Meakins **), 


Alterations in the Pulmonary Capacity in Patients with Lobar Pneu- 
monia.—The observations presented indicate that the total and vital 
capacities are markedly reduced, while the amount of residual air may 
be slightly decreased or actually higher than the predicted values. The 
midcapacity is moderately reduced. The variability in the volume of 
the residual air in this acute infection is not surprising when one con- 
siders the numerous factors involved. Atelectasis, bronchial occlusion 
with obliteration of the alveoli, will tend to reduce the midcapacity and 
the amount of residual air. On the other hand, there are certain factors, 
such as pleuritic pain and general muscular weakness, that will prevent 
the thoracic cage and diaphragm from approaching their normal position 
at maximum expiration. Consequently, there will be a tendency for the 
volume of residual air to be increased. Although the process is unilat- 
eral, the opposite side cannot act wholly independently, so that even 
the volume of the healthy lung will be larger at the maximum expira- 
tory position than normally. In three cases (W. A., C. M. and I. G.) in 
which we were able to obtain roentgenograms at maximum expiration 
both before and after the crisis, the area of the pulmonary fields was 
significantly greater during the height of the disease than during con- 
valescence. In addition to these factors, changes in the parenchyma 
of the lung itself will influence the volume of the lungs at the mid- 
capacity and maximum expiratory levels. Van Allen and Wu ** have 
shown in experimental pneumonia that there is an increase in the 
elastic tension of the inflamed lungs. Our preliminary findings in 


28. Nylin, G.: Untersuchungen iiber das Minutenvolumen des Herzens in 2 
Fallen mit einseitigem kiinstlichem Pneumothorax, Beitr. z. Klin. d. Tuberk. 83: 
470, 1933. 

29. Bluhm, I. L.: Working Test as Clinical Method for Determining the 
Function of the Lungs, Acta med. Scandinav., supp. 65, 1935, p. 1. 

30. Cournand, A.; Bryan, N. A., and Richards, D. W., Jr.: Cardiac Output 
in Relation to Unilateral Pneumothorax in Man, J. Clin. Investigation 14:181, 1935. 

31. Van Allen, C. M., and Wu, C.: Increased Elastic Tension of the Lung in 
Experimental Pneumonia, J. Clin. Investigation 11:589, 1932. 
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ral cases of lobar pneumonia support their observations. These 
crations, along with congestion of the capillaries in adjacent parts 

the consolidated areas and anoxemia, will lead to “compensatory 

physema.” All of these factors will likewise influence the other 
components of the total capacity. 

The Respiratory Function in Cases of Lobar Pneumonia in Which 
Artificial Pneumothorax Was Given.—It has recently been shown that 
abnormally high values for the ratio—“#»¢ 100 are associated 
with defective alveolar ventilation.** The increment in this ratio in 
patients with lobar pneumonia is an indication that there are underlying 
factors in the respiratory system which tend to interfere with proper 
pulmonary ventilation. Thus when pneumothorax is induced in a patient 
with this disease the affected lung, which is responsible for the derange- 
ment of the respiratory function, is compressed, and its effects are 


total capacity ’ 


greatly minimized. If the lung is completely collapsed and the mean 


intrapleural pressure is kept positive, ventilation in the affected lung 
will be negligible, and breathing will be accomplished in a fairly normal 
manner by the contralateral lung, in spite of a greatly reduced 
pulmonary capacity. The present work has shown that the ratio 


eX 100, which may be taken as an index of pulmonary effi- 
ciency, approaches a more normal value after the institution of collapse. 
Furthermore, it has been shown by others (Means and Balboni **) that 
the only difference between a normal subject and a subject with a 
collapsed lung is that the latter when called on to increase the ventila- 
tion reaches his limit sooner than the former. The pulmonary reserve 
is great, and even though the components of the total capacity are 
reduced by more than half, the uncollapsed lung (at rest) is able to 
meet a threefold to fivefold increase in metabolism. If circulation and 
ventilation are parallel functions,?’ after the compression of the affected 
lung the major portion of the blood will be shunted from it to the 
aerated lung, thereby increasing the saturation of the arterial blood 
and conceivably reducing the absorption of toxins. 

Little is as yet known of the rapidity with which these respiratory 
and circulatory adjustments in unilateral pneumothorax are made, but 
on the basis of available information concerning similar conditions, one 
is inclined to believe that the process, at least at first, is rapid. In 


32. Hurtado, A.; Kaltreider, N. L., and McCann, W. S.: Studies of Total 
Pulmonary Capacity and Its Subdivisions: IX. Relationship to the Oxygen Satu- 
ration and Carbon Dioxide Content of the Arterial Blood, J. Clin. Investigation 
14:94, 1935, 

33. Means, J. H., and Balboni, G. M.: The Various Factors of Respiration 
in Persons with Pneumothorax, J. Exper. Med. 24:671, 1916. 
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experiments on animals Andrus ** found that the blood content of 

collapsed lung fell from 100 to 60 per cent during the first half | 

Prinzmetal * has shown that changes in intrapleural pressure and 

increase in the capacity of the thoracic cage occurred several minutes 
after animals were exposed to high carbon dioxide and low oxyge: 
tensions. Furthermore, in three normal subjects ** it was found that 
the volume of residual air increased from 30 to 60 per cent afte: 
exposure to a barometric pressure of 419 mm. of mercury for sixty 
minutes. Likewise, there was marked dilatation of the capillaries and 
alveolar air spaces in the lungs of guinea-pigs exposed to the same 
pressure for two hours. These findings indicate that the circulator; 


23 


and respiratory adjustments are in process soon after the etiologic 
factors are initiated. 

From the experimental evidence available in the literature it 
questionable whether there is an immediate increase in the oxygen con- 
tent of the arterial blood after pneumothorax is rapidly induced. How- 
ever, when one lung was collapsed slowly, Meakins and Davies *° found 
that the arterial blood remained saturated throughout the course and 
when anoxemia was present prior to collapse therapy it was alleviated 
by it. Unfortunately thus far we have not had an opportunity to secure 
arterial blood before and after complete collapse in lobar pneumonia 
A conclusion on this point awaits further investigation. 

In the light of the foregoing considerations, when collapse therapy 
is given to a patient with lobar pneumonia he should obtain relief from 
the following symptoms: (1) pleural pain, (2) respiratory distress and 
(3) the long list of symptoms due to anoxemia. In numerous papers * 
dealing with artificial pneumothorax in the treatment of lobar pneu- 
monia, most authors agree that these symptoms are ameliorated. 

The readjustments after the induction of unilateral pneumothorax 
in lobar pneumonia are complicated because other factors besides respi- 
ration exert an influence on the lungs and lesser circulation. Until 
more clinical and investigative information on these cardiovascular and 
respiratory factors is available, one is not justified in drawing definite 
conclusions as to the effect on the cardiorespiratory system or the 
therapeutic value of the procedure. However, the information at hand 
suggests that artificial pneumothorax in cases of lobar pneumonia is 
a rational procedure from the point of view of respiratory function 


34. Andrus, W. deW.: Observations on the Cardiorespiratory Physiology 
Following the Collapse of One Lung by Bronchial Ligation, Arch. Surg. 10:56 
(Jan.) 1925. 

35. Klein, T., and Tuck, V. L.: Artificial Pneumothorax in the Treatment of 
Lobar Pneumonia, Am. Rev. Tuberc. 32:511, 1935. Leopold and Lieberman.** 
Blake, Howard and Hull.2¢ 
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SUMMARY AND CONCLUSIONS 


Determinations of the total pulmonary capacity and its components 
and roentgenographic measurements of the expansion and size of the 
chest have been made for three patients with pulmonary tuberculosis 
who were given unilateral pneumothorax, for two patients with lobar 


pneumonia and for seven patients with lobar pneumonia during the 


induction of artificial pneumothorax. The gaseous content of the 
arterial blood was determined in eight of these cases. The results 
obtained led to the following conclusions: 

The total and vital capacities and the midcapacity are proportionally 
reduced in a patient with unilateral pneumothorax of several months’ 
duration. The volume of residual air is not diminished in proportion to 
the other capacities, resulting in an increase in the ratio eX 100. 

The effect of posture on the pulmonary capacity of a patient with 
unilateral pneumothorax is similar to that found in normal subjects. 

In a patient with pulmonary tuberculosis with unilateral pneumo- 
thorax the excursion of the diaphragm and the movement of the ribs 
are greatly reduced on the affected side. 

Early in the course of lobar pneumonia the total and vital capacities 
are markedly reduced, while the volume of residual air may be only 
slightly decreased or actually higher than the predicted volume. The 
midcapacity is moderately reduced. As the disease progresses the abso- 
lute values are further diminished. Beginning several days after the 
crisis all the volumes gradually return to the predicted levels. 

The ability to expand the chest is diminished during the early 
stages of lobar pneumonia, especially on the affected side. The size of 
the heart increases both in area and in transverse diameter during the 
febrile period and diminishes during convalescence. 

The oxygen saturation and the carbon dioxide content of the arterial 
blood are reduced during the early stages of lobar pneumonia. 

During the induction of artificial pneumothorax in cases of lobar 
pneumonia the total capacity and all its subdivisions (expressed as per- 
centages of the predicted values) are proportionally reduced, resulting 
in a more normal relationship between the volume of residual air and 
the total capacity. 

The height of the pulmonary field, measured on a roentgenogram, 
on the side of the pneumothorax and the area of the pulmonary field 
at maximum inspiration are increased during the period of maximum 
collapse. 

The factors responsible for the alterations in the total pulmonary 
capacity and its subdivisions in lobar pneumonia and collapse therapy 
are discussed. 
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From 1667, when the first blood transfusion was given to man by) 
Jean Baptiste Denys,‘ until the discovery of hemagglutination by Land- 
steiner * in 1901 and the classification of blood groups by Jansky * 
(1907) and Moss * (1910), hemoglobinuria was accepted as a common 
accompaniment of the injection of blood intravenously. In many of the 
patients who showed hemoglobin in the urine renal insufficiency devel- 
oped, and death followed. Since testing the donor’s and the recipient’s 
blood for agglutination has become common, the incidence of severe com- 
plications from blood transfusions has, fortunately, greatly diminished. 
Hesse and Filatov *** reported a mortality of 1.3 per cent from 750 
transfusions in Leningrad. They estimated that in general the mortality 
in various clinics was between 0.5 and 1.5 per cent. Tiber® (1930) 
reported 2 deaths from 1,467 transfusions (0.013 per cent) at Bellevue 
Hospital. Witts® described 3 deaths in 3,430 transfusions in Great 
Britain. Wildegans* placed the mortality from blood transfusions 
between 0.1 and 0.2 per cent. 


From the Department of Internal Medicine, the State University of Iowa. 
1. Denys, J. B., quoted by Keynes, G.: Blood Transfusion, New York, Oxford 
University Press, 1922. 
2. Landsteiner, K.: Ueber Agglutinationserscheinungen normalen mensch- 
lichen Blutes, Wien. klin. Wchnschr. 14:1132, 1901. 
3. Jansky, J.: Haematologische Studien bei Psychotikern, Klin. Sborn. 8: 
85, 1907. 
4. Moss, W. L.: Studies on Isoagglutinins and Isohemolysins, Bull. Johns 
Hopkins Hosp. 21:63, 1910. 
5. Tiber, A. M.: Observations on Blood Grouping and Blood Transfusion, 
Ann. Surg. 91:481, 1930. 
6. Witts, L. J.: Note on Blood Transfusion, Lancet 1:1297, 1929. 
7. Wildegans, H.: Die Bluttransfusion, Berlin, Julius Springer, 1933, p. 131. 
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Many of the deaths following blood transfusion are apparently due 
renal insufficiency. There are many excellent descriptions of this 
yndrome in the literature. Commonly the transfusion is accompanied, 

or soon followed, by pain in the lumbar region or thighs, a feeling of 
constriction in the chest, chills and fever. Shock often occurs. Icterus 
may develop within a few hours. Hemoglobinuria is usually present. 
Partial or complete suppression of the urinary excretion may ensue, 
with consequent retention of nitrogen. When the renal function is 
impaired the patient usually dies in coma from four to fifteen days 
after the transfusion, although a few patients recover spontaneously. 
The recipient’s serum has been proved to agglutinate the donor’s cells 
in most instances, but no such incompatibility has been proved in some 
cases. Pathologic studies show that the principal organ affected is the 
kidney. There is interstitial cellular infiltration. The glomeruli are 
normal or dilated. The tubular epithelium shows various degrees of 
degeneration, while the lumens contain leukocytes, débris and masses 
of brownish pigment. Lindau * and Bordley ® have presented excellent 
reviews of the recent literature. Lindau called attention to the simi- 
larity between the clinical and the pathologic picture of transfusion 
anuria and the anuric episodes occurring in blackwater fever. The rela- 
tionship had previously been noted by Baker and Dodds.*® Dudgeon ™ 
observed various degrees of renal damage in patients dying of black- 
water fever, but Whipple ** could not attribute any injury to hemo- 
globinuria per se in the patients he studied. 

Our interest in this subject was stimulated by the occurrence in the 
University Hospital of two fatal cases of renal insufficiency following 
blood transfusion. These have been reported elsewhere.’* As both our 
clinical experience and a review of the literature pointed to no prom- 
ising therapeutic procedures in this condition, the problem was attacked 
experimentally. 

As early as 1875 Ponfik ** produced a somewhat similar clinical and 


pathologic picture in dogs by the injection of heterogenous blood. 


8. Lindau, A.: Reaktionen nach Bluttransfusion: Eine 4tiologische und 
pathologisch-anatomische Studie, Acta path. et microbiol. Scandinav. 5:383, 1928. 

9. Bordley, J.: Reactions Following Transfusion of Blood, with Urinary 
Suppression and Uremia, Arch. Int. Med. 47:288 (Feb.) 1931. 

10. Baker, S. L., and Dodds, E. C.: Obstruction of the Renal Tubules During 
the Excretion of Hemoglobin, Brit. J. Exper. Path. 6:247, 1925. 

11. Dudgeon, L. S.: Blackwater Fever, J. Hyg. 19:208, 1921. 

12. Whipple, G. H.: Pathology of Blackwater Fever, Am. J. Trop. Med. 
7:1, 1927. 

13. DeGowin, E. L., and Baldridge, C. W.: Fatal Anuria Following Blood 
Transfusions: Inadequacy of Present Tests for Compatibility, Am. J. M. Sc. 
1882555, 1934, 

14. Ponfik: Experimentelle Beitrage zur Lehre von der Transfusion, Virchows 
(Arch. f. path. Anat. 62:273, 1875. 
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Lévy ** supplemented these observations by producing experiment 
hemoglobinuria in rabbits. He concluded that the excretion of hem 
globin produced the renal lesions. In 1911 Yorke and Nauss ** repori: 
that anuria and subsequent death could be produced by the intravenous 
injection of homogenous hemoglobin into rabbits fed on dry diets. This 
phenomenon did not occur when the animals were eating green food 
The authors explained these results by postulating that the filtratio: 
pressure of the glomeruli was lowered by the low intake of fluid. Bake: 
and Dodds,’® however, challenged this explanation and produced experi 
ments to show that the real difference lay in the fact that the rabbits 
in which renal insufficiency developed had acid urine, while those with 
alkaline urine were protected. They reported also in vitro experiments 
to show that solutions of hemoglobin were precipitated in acid solutions 
as acid hematin and that this reaction was augmented by the presence of 
more than 1 per cent sodium chloride. - These authors considered that 
the pathologic and chemical picture could be entirely explained by the 
precipitation of hemoglobin in the tubular lumens in an acid solution 
with a high concentration of electrolyte, thus producing intrarenal 
obstruction. 

Recent evidence has been introduced to show that renal ischemia may 
be an important factor in this problem. Mason and Mann" reported a 
transient decrease in the volume of the dog’s kidney due to intravenous 
injections of hemoglobin. The glomeruli of the frog’s kidney were 
observed to constrict under similar conditions. From the Scientific 
Institute for Blood Transfusion in Leningrad have come the reports of 


a series of studies by Hesse and his co-workers.’* They have observed a 


15. Lévy, L.: Untersuchungen iiber die Nierenveranderungen bei experiment- 
eller Hamoglobinurie, Deutsches Arch. f. klin. Med. 81:359, 1904. 

16. Yorke, W., and Nauss, R. W.: The Mechanism of the Production of 
Suppression of Urine in Blackwater Fever, Ann. Trop. Med. 5:287, 1911. 

17. Mason, J. B., and Mann, B. F.: Effect of Hemoglobin on the Volume of 
Kidney, Am, J. Physiol. 98:181, 1931. 

18. (a) Hesse, E., and Filatov, A.: Experimentelle Untersuchungen tber das 
Wesen des hamolytischen Schocks bei der Bluttransfusion und die therapeutische 
Beeinflussung desselben: I. Die Nierenfunktionsstérungen im akuten Experiment, 
Ztschr. f. d. ges. exper. Med. 86:211, 1933. (b) Petroff, J.; Filatov, A.; 
Bogomolova, L., and Stroikova, X.: I. Die Pathogenese der Veranderungen des 
Herzens und der Gefasse, Arch. f. klin. Chir. 181:209, 1934. (c) Wesselkin, P.; 
Lindenbaum, J., and Kartashevskiy, N. G.: II. Die Rolle des Zentralnervensystems 
in der Pathogenese der Gefass-st6rungen beim hamolytischen Schock, ibid. 181:227, 
1934. ‘(d) Iljin, W.: III. Experimentelle Beobachtungen der Nierentatigkeit nach 
Einfiihrung von heterogenem und autohamolysiertem Blut, ibid. 181:240, 1934 
(e) Filatov, A.: Klinische und experimentelle Beitrage zur Reinfusion des in die 
K6rperhdhlen ergossenen Blutes, ibid. 151:184, 1928. (f) Hesse, E., and Filatev, 
A.: Neue praktische Ausblicke auf die Moéglichkeit der Behandlung des hamolyt- 
ischen Schocks bei der Bluttransfusion im Lichte experimenteller Forschung, Zen- 
tralbl. f. Chir. 59:2674, 1932. 
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sient diminution in the renal volume and a fall in the systemic blood 


sure following the injection into dogs of hemolyzed homogenous 
blood or whole human blood. The changes were more marked with the 
heterogenous blood and less marked with citrated blood which had been 
preserved for ten days. It was shown that the primary mechanism was 


the constricting action of the hemoglobin on the renal vessels themselves. 
Transfusions of compatible blood relaxed the spasm of the renal vessels 
and restored the function of the kidney. It was frequently possible to 
kill a dog with a single transfusion of human blood, but rarely did 
canine blood prove fatal. The dogs died two or three days after a 
transfusion, with mild retention of nitrogen and suppression of urine. 
The pathologic studies have not yet been published. The Russian 
workers have abandoned the theory that renal insufficiency is due to 
obstruction by precipitated hemoglobin. They have stated as their belief 
that the impairment of the renal function and the consequent pathologic 
changes can all be explained by spasm of the renal arteries and the 
resulting ischemia. 

The injection of solutions of homogenous hemoglobin intravenously 
has been generally considered to be an innocuous procedure (Bayliss **). 
Havill, Lichty, Taylor and Whipple *° demonstrated that hemoglobin is 
a threshold substance for the kidney of the dog and that it is probably 
excreted through the glomeruli, as the threshold is not changed when 
the tubules have been poisoned with mercury bichloride. Kerridge and 
Bayliss,** on the basis of perfusion experiments, concluded that proteins 
with a molecular weight greater than 68,000 do not filter through the 
glomeruli, while those of smaller size do. Hemoglobin, with a molecular 
weight of approximately 68,000, is a borderline substance and at times 
does filter through the glomerular membrane. Drabkin, Widerman and 
Landow ** have recently shown by spectrophotometric analyses that when 
hemoglobin is injected intravenously into a dog, it rapidly disappears 
from the blood serum but that only about 10 per cent appears in the 
urine. It is excreted as hemoglobin, but on standing in contact with 
urine it is rapidly changed to methemoglobin. 


19. Bayliss, W. M.: Is Hemolyzed Blood Toxic? Brit. J. Exper. Path. 1:1, 
1920. 

20. Havill, W. H.; Lichty, J. A., Jr.; Taylor, G. B., and Whipple, G. H.: 
II. Renal Threshold for Hemoglobin in Dogs Uninfluenced by Mercury Poisoning, 
J. Exper. Med. 55:617, 1932. 

21. Kerridge, P. M. T., and Bayliss, L. E.: Physiology of Proteinuria, Lancet 
2:785, 1932. Bayliss, L. E.; Kerridge, P. M. T., and Russell, D. S.: Excretion 
of Protein by Mammalian Kidney, J. Physiol. 77:386, 1933. 

22. Drabkin, D. L.; Widerman, A. H., and Landow, H.: The Fate of 
Hemoglobin Injected into the Blood Stream, J. Biol. Chem. 109:xxvii, 1935. 
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METHODS 


All the dogs used in our studies were kept in metabolism cages duri: 
periods of observation so that voided urine could be collected. Catheterization \ 
not performed, as we wished to avoid infection of the urinary tract as fa: 
possible. Observations were usually made on twenty-four hour specimens to \ 
toluene had been added. The volume, color and specific gravity were 
Chemical tests were made for the presence of albumin, dextrose and hemoglobin 
The centrifugated sediment was examined for casts, blood corpuscles and clumps 
of pigment. In our first experiments the reaction of the urine was tested with 
litmus paper. This proved not delicate enough, and later the approximate px was 
determined by a series of indicators, such as phenol red, bromthymol blue and 
bromcresol purple. 

Blood was obtained from dogs which had been used for classes in surgical 
technic and had been under ether anesthesia for two hours. Blood was collected 
from the femorai arteries by means of paraffined cannulas and then defibrinated 
by being shaken in large Erlenmeyer flasks with bent wire paper clips. The 
defibrinated blood from several dogs was pooled and then centrifugated for forty- 
five minutes at 2,500 revolutions per minute, and the serum and the layer of 
leukocytes were drawn off with a pipet. The red blood corpuscles were not 
washed, as experiments reported in the literature of the innocuousness of serum 
did not seem to warrant the great amount of work entailed. The corpuscles were 
stored in a refrigerator usually for one day, occasionally longer, and then used. 
The cells were hemolyzed by being mixed with distilled water in the proportion 
of three parts of cells to four parts of water by volume. The solution of hemo- 
globin was injected into the jugular vein by gravity, the velocity being controlled 
so that it rarely exceeded 20 cc. per minute. The dogs were not anesthetized 
during the transfusion and, with few exceptions, seemed to suffer no inconvenience 
at the time. Specimens of blood for chemical analysis were obtained immediately 
preceding transfusion and at twenty-four-hour intervals thereafter until the death 
of the dog or until normal values for urea were attained. 

Transfusions were given to each dog at intervals of from one week to several 
months, never being given more frequently. Care was taken to administer trans- 
fusions of the same pooled blood to as many dogs on alkaline diets as on acid diets 
This served as a control on the toxicity of the blood from incidental causes. Post- 
mortem examinations were performed as soon after death as possible, and routin 
histologic’ examinations were made of the kidneys, adrenal glands, liver, 
mesenteric lymph nodes, spleen, cardiac muscle, lungs and bone marrow from 
the femur. 


EXPERIMENTAL OBSERVATIONS 


So far, studies have been made on a series of twenty-eight dogs over 
a period of more than two years. Of this number, seven died of renal 
insufficiency following a tranfusion, two were killed when recovering 
from the same syndrome, three survived an episode of uremia, two died 
during a transfusion (apparently from speed shock), six died of an 
intercurrent infection, two were killed when in good health after many 
transfusions and one was discarded because it was ugly. Five are still 
living, the data being too insufficient to report in detail at this time. 

Over one hundred transfusions of dog hemoglobin have been given. 
Most of the dogs showed no symptoms during the transfusion if the 
solution was administered slowly. The hemoglobin appeared in the urine 





DeGOWIN ET AL—RENAL INSUFFICIENCY 


st immediately in quantities sufficient to color it. The urine con- 
ted to be reddish for one or two days, and chemical tests showed 
presence of hemoglobin for two more days. When there was no 
ificant retention of nitrogen the dogs appeared well. A small amount 
albumin occurred in the urine along with gross hemoglobinuria. 
roscopic examination of the urinary sediment revealed various-sized 
asses of reddish brown pigment in the form of conglutinated globules. 
here were no casts or red blood corpuscles. 

If retention of nitrogen occurred after a transfusion, the animal was 
less active than normal and soon began to vomit. It refused food but 
drank a large quantity of water, which was quickly regurgitated and 
seemed to serve as gastric lavage. If it did not recover, the course was 
clinically progressive, and the urea and creatinine values of the blood 
rose daily. A day before death the dog was so weak it could not stand. 
The muscles became somewhat rigid, and there was occasional twitching. 
Generalized convulsions were observed. A few hours before death the 
dog became comatose. Dogs died with this syndrome from four to 
ten days after a transfusion. The final values for the urea nitrogen 
of the blood varied from 119 to 362.6 mg. per hundred cubic centimeters 
and for creatinine from 4.6 to 15 mg. Occasionally some degree of 
alkalosis developed before an animal died, as determined by the carbon 
dioxide capacity and the chloride values of the plasma. When retention 
of nitrogen developed after a transfusion, the urinary sediment con- 
tained numbers of large casts composed of dense masses of brownish 
pigment. The maximum number was usually seen on the second day 
after the transfusion and were a reliable index as to whether retention 
of nitrogen was present in a given animal. These casts have been 
described as seen in rabbits and were photographed by Baker and 
Dodds.?° 


After a seemingly innocuous transfusion or after recovery from an 


episode of retention of nitrogen the urine is entirely normal, as judged 
by the specific gravity and the absence of albumin, dextrose, casts, 
hemoglobin pigments and erythrocytes. 


Alkaline Diets—Dogs seem to live normally and grow fat on vege- 
table scraps from the hospital kitchens. The entire dog colony of the 
medical college has been kept on this diet for years. Dogs 3, 4, 12 
and 13 were kept on this diet and received from eight to fourteen 
transfusions of solution of dog hemoglobin without any deaths. Their 
protocols are summarized in table 1. Usually no significant rise in the 
urea content of the blood was noted. In dog 4, however, there was an 
appreciable retention of nitrogen after several of the earlier transfusions. 
We are uncertain as to the explanation for this, but it is possible that 
the dog was not eating and that the urine was slightly acid. The speci- 
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mens of urine were being tested for acidity with litmus paper a 
time, a method that was later found to be inadequate. The protoco 
dog 12, as set forth in table 2, is interesting. This animal was {: 
ilkaline diet over a period of eight months, but on several occasi: 


Alkaline Diets 


Maximum Blood Values 
After Transfusion 
gubncnimane A ———— 
Number Urea 
of Hemoglobin Nitrogen, Creatinine, 
Weight, Trans Injected, Mg. per Mg. per 
Dog Sex Kg. fusions 100 Ce. 100 Ce. Comment 


2 0 14 i 14.0 +e All urine alkaline 


oc 


et ee yoo e td te 
wor wore 


Killed when in good healt 
No nephropathy 


All urine alkaline 


ee 
SONIA SO Ce =7 


8. 
4. 
7. 
5. 
8. 
8. 
8. 
5. 
8. 


fat ht ped ee feet pd 


Killed when in good health 
No nephropathy 


fone) 


Urine acid 

Urine alkaline 
Urine acid 

Urine alkaline 
Urine alkaline 
Urine alkaline 
Urine alkaline 
Urine alkaline 
Urine alkaline 
Urine acid; killed 
Typical nephropathy 


~ 


RevwowmSSown 
eooowacoreco 
SSIBSESARS 

Icoooocone 
> SSoinive 


e 


All urine alkaline 


ee ~ 


is] 
eS eorRho xd 


13 divided doses (daily 
Living 3 months later 


Sook hwo 
SERRE IEEE 
woOmmoOoSOin 





* The amount of hemoglobin injected is expressed in cubic centimeters of packed erythr 
cytes per kilogram of body weight before hemolysis. 
refused to eat and the urine became acid. Transfusions while the urine 
was alkaline proved innocuous, but when hemoglobin was injected in the 
presence of acid urine, retention of nitrogen developed. While recov- 
ering from one episode of azotemia, the dog was killed, and the 
typical nephropathy associated with death due to renal insufficiency was 
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erved. Dogs 3 and 4 were killed after receiving fourteen and nine 

nsfusions, respectively. No lesions were seen, except depositions of 
ron-containing pigment in the spleen, liver, lymph nodes and epithelial 
lls of the convoluted renal tubules. 

Acid Diets —Dogs were kept on diets consisting of cooked chopped 
eef, about % pound (225 Gm.) per day, with which was mixed about 
. Gm. of ammonium chloride. Beef alone often failed to make the urine 


Data for Dog 12 on an Alkaline Diet with Varying Urinary Reaction 


Blood 


= a —— a 
Urea Plasma Carbon 
Nitrogen, Creatinine, Chlorides, Dioxide 
pu of Mg. per Mg. per Mg. per Capacity, 
Urine 100 Ce, 100 Cx 100 Cr Vol. % Weight 9 Kg 


6.8 13.3 1.0 75 49.0 Transfusion 
eee 11.9 0 325 41.0 


39.0 


6.8 3 5 0.0 Transfusion 


62.0 


6.8 7.5 d 48.0 Transfusion 
3 2.5 47.0 
43.0 
48.0 


8.0 


Transfusion 
Transfusion 
Transfusion 
Transfusion 
Transfusion 


Transfusior 


Improving clinically 
killed; typical 
nephropathy present 


persistently acid. The dogs would not eat food which contained much 
more than 8 Gm. of ammonium chloride and occasionally refused this 
amount for several days at a time. The dogs usually held their weight 
on this diet and, while there was a tendency for the carbon dioxide 
capacity to become lower and for the chloride content of the plasma to 
become higher, this was not constant and remained within the limits 
of variation of the values for dogs on the alkaline diets. 

We were naturally concerned with the effects of the diet itself on 
the renal function and pathologic picture. Neither albuminuria nor 
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cylindruria developed as a result of the diet alone. Of twenty-three d: 
which had been on this diet for varying lengths of time up to fi 
months, only in dog 8 did glycosuria develop at the end of three mont! 
This disappeared when an alkaline diet was substituted and has n 
returned, although the acid diet has been resumed. Dog 7 died of spe 
shock during a transfusion, and although it had been on the diet co: 
tinuously for four months, no histologic lesions were seen which cou 
be attributed to the diet. 


TaBLe 3.—Data for Dogs on Acid Diets 


Maximum Blood 
Values After 
Transfusion 





Number Hemo- Urea Creat- 
of globint Nitrogen, inine, 
Weight, Trans- Injected, Mg.per Meg. per 
Kg. fusions Ce, 100 Ce 100 Ce. Comment* 
9.3 3 5.5 oO 
2 26.6 : 
27.7 120.4 el Died in coma 10 days after trans 
fusion; typical nephropathy 
20.3 <u 
217.7 5. Died in coma 8 days after trans 
fusion; typical nephropathy 
39.9 


Died in coma 7 days after trans 
fusion; typical nephropathy 


Living 3 months later 


Died in coma 4 days after trans 
fusion; typical nephropathy 


Killed when recovering 5 days after 
transfusion; urea nitrogen 95.9 
mg.; creatinine 3 mg.; typical 
nephropathy 
Died in coma 5 days after trans 
fusion; typical nephropathy 
10.0 5. 3. Survived 
9.5 i 3.8 Survived 
10.0 324. 3s Died in coma 7 days after trans 
fusion; typical nephropathy 
1 9.0 362.6 5. Died in coma 6 days after trans- 
fusion; typical nephropathy 
rol 9.8 1 10.0 123.9 5. Survived 








* All the specimens of urine were acid. 
+ The amount of hemoglobin injected is expressed in cubic centimeters of packed erythro 
cytes per kilogram of body weight before hemolysis. 


Of the twenty-three dogs which received transfusions while on acid 
diets, seven died of renal insufficiency and one was killed when recover 
ing. All showed the typical nephropathy, to be described. One dog 
received seven transfusions without effect and died later of intercurrent 
infection. The protocols of these are summarized in table 3. In dogs 
20, 21, 23 and 24 retention of nitrogen developed after the first trans 
fusion. The others died after two, two, three and three transfusions, 
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ctively. Dogs 7 and 19 died of speed shock. Dogs 9, 10, 13, 14. 
nd 16 died of intercurrent infection. Dogs 17 and 18 are still 
g, the data being insufficient to record at this time. The protocol 
typical dog on an acid diet is given in table 4. 
hanges nm Urinary V olume—After transfusion there was generally 
esis during the first twenty-four hours. In only two dogs (dogs 11 
21) was there suppression of urine after a transfusion, and in these 
ases there was anuria for the four and five days, respectively, elapsing 


etween the transfusion and the death in coma.** In the other dogs 


TABLE 4.—Protocol of Dog 5 on Acid Diet 


Blood 

a 

Urine Urea Creat- 

—-—— -———, Nitrogen, inine, 

Date, Volume, Specific Hemo- Mg. per Mg. per 

$ Ce. Gravity Reaction Albumin globin 100 Ce. 100 Ce. 
9 200 1.018 Acid ( 0 12.2 1.0 Transfusion 

20 700 1.008 + +++ 
0 eeese eas manag 28.0 2.4 
975 1.015 Alkaline ) 


1.015 Acid 
1.015 Acid 
1.015 Acid 
Alkaline ) ) 12.2 ] Transfusion 
oa Alkaline 
1.006 Alkaline 
1.010 Alkaline 
eeeee Acid 


Acid 


1.010 Acid 0 1 Transfusion 
nade Acid - = b+ + 56. 2.8 Vomiting 
ee Acid ~ : Po nen Vomiting 
1.006 Acid 0 59.6 5 Vomiting 
1.012 Acid Trace sho ne fe Vomiting 
1.008 Neutra] Trace 76. 5 Vomiting 
iets panies a sece naka ina Rigidity 
1.009 Acid Trace Trace 17. Comatose 
Died in coma; typical nephropathy 


+ The urine contained many casts of hemoglobin pigment. 


that died of renal insufficiency the volume of urine excreted continued 
to be fairly high until death occurred. The amounts could not be 
accurately estimated because under the conditions of collection the urine 
was frequently mixed with vomitus. 

Renal Vasoconstriction—We made no direct observations of this 
phenomenon in our material. We doubt whether it was an important 
factor, however, because many of the dogs voided bright red urine 


23. It is notable that of the dogs that died of renal insufficiency dog 11 had the 
most rapid death and high terminal values for the urea and creatinine contents 
f the blood. 





442 ARCHIVES OF INTERNAL MEDICINE 


containing hemoglobin immediately after the conclusion of a transfu 
and, as has been noted, there usually was diuresis during the 
twenty-four hours. 

Speed Shock.—Dogs 7 and 19 died on the table during a t 
fusion. While the solution of hemoglobin was running into the jugula: 
vein, restlessness developed, with sudden dyspnea and convulsive mo 
ments. In dog 7 respiration and the heart beat stopped simultaneou 
In dog 19 the heart continued to function for several minutes after 
respiration had ceased. Autopsy revealed nothing but a rather dilated 
heart and engorged jugular veins. An examination of the brain a: 
spinal cord was not made, however. In the first case the velocity of 
the transfusion had been fast. In the second case the rate was 6 cc 
of solution per minute. During the course of many transfusions it was 
observed that a velocity of over 20 cc. per minute frequently induced 
dyspnea and transient convulsive movements, which promptly disap 
peared when the velocity was decreased. Hirshfeld, Hyman and 
Wanger ** described this syndrome and named it. They showed that 
it could be produced by the rapid intravenous injection of a number 
of unrelated substances, such as hypotonic, isotonic and hypertonic 
solutions, sugars, colloids and gels, suspensions and blood. 

Repeated Transfusions—Of the seven dogs that died of renal insuf- 
ficiency, three died after one transfusion, two after two transfusions 
and two after three transfusions. There was no chemical evidence of an 
accumulative effect from previous transfusions. An experiment was 
set up to test this factor. Dog 13 was given an alkaline diet, and 
dog 15 was given an acid diet. Each received thirteen small daily 
injections of the same lot of dog hemoglobin. The dose was 2 cc 


per kilogram of packed corpuscles hemolyzed with distilled water. 


These injections caused continuous hemoglobinuria for fifteen days. 
The urea and the creatinine content of the blood remained normal 
for both dogs. 

Pathologic Examination.—A detailed study of the pathologic pictur: 
in human beings who died as a result of a blood transfusion and in 
the dogs which we used will be reported in another paper. In the 
dogs that died of renal insufficiency the significant lesions were con- 
fined to the kidneys. The glomeruli were normal. The lumens of the 
distal segments of the renal tubules were filled with brownish pigment 
that was closely packed and, in some places, in crystalline form. The 
pigment was so arranged as to block the tubules completely. The 
capillaries were engorged, and there was some interstitial leukocytic 


24. Hirshfeld, S.; Hyman, H. T., and Wanger, J. J.: Influence of Velocity on 
the Response to Intravenous Injections, Arch. Int. Med. 47:259 (Feb.) 1931 
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‘iltration. Some of the tubules were filled with leukocytes also. The 
‘tubular epithelium semed to be little damaged. The lesion appeared 
) be purely obstructive. 
COMMENT 

In our experiments the chemical studies of the blood and the patho- 
logic picture of the renal lesions seemed to favor the explanation that 
renal insufficiency due to blood transfusion can be caused by precipi- 
tation of hemoglobin in the renal tubules and the production of insuff- 
iency by obstruction. This is at variance with the theory of Hesse 
ind his co-workers, which attributes the primary cause to vasocon- 
striction of the kidneys. We wish to point out some apparent differ- 
ences between the syndrome produced in our dogs and that set forth 
in Iljin’s **¢ report. In the Russian experiments whole human blood 
was injected into a series of nine dogs. Five survived and four died 
These four all showed anuria and died two days after the transfusion, 
with relatively slight retention of nitrogen. Those surviving had tem 
porary oliguria. Eight dogs were given a transfusion of their own 
hemolyzed blood. Seven survived, and one died in three days with an 
undetermined amount of retention of nitrogen. No mention is made 
of the type of diet or of the reaction of the urine. A report on the 
pathologic studies has not yet been published. In many cases the 


velocity of transfusion was much faster than that which we employed 


From their protocols we have calculated that the average velocity of 
transfusion in the cases of the dogs that died was 35.7 cc. per minute 
We were unable to give a solution of hemoglobin as fast as that with- 
out causing symptoms of speed shock. So it seems possible that the 
Russian workers are studying a different syndrome from the one we 
have here reported. 

The fact that several transfusions have been required to produce 
renal insufficiency in many of our dogs can be given various interpre- 
tations. Since four dogs have shown retention of nitrogen, with the 
typical pathologic picture, after a single transfusion, the possibility of 
anaphylaxis is precluded. Renal lesions due to acidosis or alkalosis 
per se seem to be ruled out by our chemical studies. We choose t 
believe that there is still another factor besides urinary acidity which 
remains to be elucidated, and, when controlled, it will enable us to 
produce the syndrome more consistently. 

\t the time the present article was being written a paper appeared 
by Melnick, Burack and Cowgill ** which reported a series of experi- 

25. Melnick, D.; Burack, E., and Cowgill, G. R.: Development of Incompati- 


bilities in Dogs by Repeated Infusions of Red Blood Cells, Proc. Soc. Exper. Biol 
& Med. 33:616 (Jan.) 1936 
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ments in which dogs were repeatedly given transfusions of citrat 
blood from the same canine donors. Apparently very low titers of agg 
tinins and hemolysins in the recipients were increased after each trai 
fusion, so that the results were clinically significant. We have not 
had time to study this phenomenon in relation to our work, but 
should be pointed out that we used hemolyzed blood entirely, whi 
was always pooled from three or four dogs and distributed amor 
four dogs, and the syndrome produced that was due to renal insuffi- 
ciency was unlike that ascribed to incompatible dog blood. The author 
reported that no pathologic lesions were observed. 


SUMMARY 

When the urine is alkaline the intravenous injection of a larg 
amount of dog hemoglobin into dogs seems to be innocuous. Under 
such conditions four dogs received a total of thirty-eight transfusions 
without harm. In one of the dogs retention of nitrogen developed on 
three occasions when the transfusion was given while the urine was 
acid. 

When the urine is acid, transfusions of hemoglobin sooner o1 
later produce renal insufficiency. Seven dogs died in coma from four 
to ten days after the transfusion, with the urea nitrogen values of the 
blood ranging between 120 and 362.6 mg. per hundred cubic centimeters 
and creatinine values between 4.6 and 15 mg. One dog was killed 
when recovering, the urea nitrogen content of the blood being 95 mg. 
Only one dog survived seven transfusions when on an acid diet. This 
syndrome, clinically and chemically, closely simulates that which devel- 
ops in human beings with renal insufficiency resulting from hemo- 
globinuria. 

From pathologic studies it appears that the cause of renal insuffi- 
ciency resulting from hemoglobinuria in dogs is the obstruction of 
the tubular lumens with masses of pigment derived from hemoglobin. 

These studies substantially confirm the experiments performed on 
rabbits by Baker and Dodds.’® 


Assistance was rendered by Dr. C. W. Baldridge before his death in an 
automobile accident on Nov. 22, 1934. Dr. H. P. Smith, professor of pathology, 
and Dr. R. B. Gibson, associate professor of biochemistry, gave advice on many 
matters. The members of the department of surgery made it possible for us to 
secure large quantities of dog blood. 





CHANGING INCIDENCE OF TUBERCULOSIS 
OF THE TONSILS 


M. CATHERINE MAGEE, M.D 


ANN ARBOR, MICH. 


Numerous investigations have dealt with the incidence of tuber- 
culosis in surgically removed tonsils. However, the majority of the 
earlier reports were based on relatively small series of cases or on selected 
cases, from which the true incidence of tuberculosis in surgically removed 
tonsils in all age groups, irrespective of the presence or absence of 
tuberculosis elsewhere, could not be determined. 

Weller‘ was the first to report a series of sufficient length and 
nonselectivity to answer this question. The tonsils studied comprised 
the surgical material received as a routine in this laboratory during the 
years 1906 to 1919. The faucial and/or pharyngeal tonsils of 8,607 
patients were studied, and the incidence of tuberculosis for the entire 
group was found to be 2.35 per cent. 

As the literature previous to 1921 was comprehensively reviewed 
in that paper,’ it will not be dealt with here. Since 1921 few series 
of sufficient size to be of value have been reported. Mullin? analyzed 
400 tonsils and found the proportion with tuberculous infection to be 
4.25 per cent, but it should be noted that in 60 per cent of his cases there 
was clinical evidence of tuberculosis elsewhere. MacCready and Crowe * 
found an incidence of 4.18 per cent in the examination of tonsils of 
3,260 children. Howarth * found tubercles in 5 per cent of 100 tonsils 
of children from 3 to 15 years old. For a series of 200 patients in 
the same age group Scarff and Whitby reported an incidence of 
2 per cent. 

From the Department of Pathology, the University of Michigan 

1. Weller, Carl V.: The Incidence and Histopathology of Tuberculosis of 
the Tonsils, Based on Eight Thousand Six Hundred Tonsillectomies, Arch. Int 
Med. 27:631 (June) 1921. 

2. Mullin, W. V.: An Analysis of Some Cases of Tubercles in the Tonsil, 
J. A. M. A. 80:1211 (April 28) 1923. 

3. MacCready, P. B., and Crowe, S. J.: Tuberculosis of the Tonsils and 
\denoids: A Clinical and Roentgen-Ray Study of Fifty Cases Observed for Five 
Years After Operation, Am. J. Dis. Child. 27:112 (Feb.) 1924. 

4. Howarth, Walter G., and Gloyne, S. R.: The Nature and Path of Infec- 
tion in the Tonsils, J. Laryng. & Otol. 39:429 (Aug.) 1924. 

5. Scarff, Gordon R., and Whitby, L. E. H.: The Incidence of Tuberculous 
Infection in the Faucial and Pharyngeal Tonsils of Children, J. Laryng. & Otol 
43:328 (May) 1928. 
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Wilkinson ® and Rossner* have reported series which can be co 
pared with those studied in this laboratory, since their cases were 1 
selected but represented the routine examination of tonsils of subject 
in all age groups. For 600 pairs of tonsils removed in 1900 Wilkins: 
found the incidence of tuberculosis to be 1.33 per cent, but only 0.5 px 
cent for 10,000 tonsils removed from 1923 to 1927. Rossner reported 
the diagnosis of tuberculosis in 1.01 per cent of 296 cases, the ages 
varying from 2 to 61 years. 

In view of the decreased incidence of most forms of tuberculosis 
particularly those of the respiratory tract, it became desirable to dete: 
mine whether the incidence of tonsillar tuberculosis also has decreased 
in the material examined in this laboratory. Wilkinson * has shown such 
a change in the material at the Mayo Clinic. For this purpose th 


Incidence of Tuberculosis in Tonsils, 1933 to 1935 








All Cases Faucial Tonsils Pharyngeal Tonsils 
sieateiaadlad inate lee a piccieiay > jocnannsesiecatdlataseanetabiaans 
Number Number 
of f of 
Tuber- Inci- P - Tuber- nej 
Age Groups, culous dence, culous dence, culous 
Years Number Tonsils % Number Tonsils % Number Tonsils 


0.27 717 1 0.14 87 

0.53 1,669 § 0.48 1,450 

0.41 1,206 3% 982 
B 761 

0.78 643 

0.41 241 

0.38 263 


Age unknown 0.24 817 


2 
4 
1 
1 
2 


Total....0.. 


| ~ | KrocooccerTly 


0.44 6,317 


specimens obtained at 6,280 tonsillectomies, which were performed 
during the years 1933 to 1935, were reviewed, and the results were 
summarized in order to make them comparable to the series of 8,697 
specimens studied prior to 1921 (Weller *). 

The technic used in the preparation of these tonsils for microscopic 
examination was that outlined by Weller in 1921: fixation in solution 
of formaldehyde, bisection of the tonsil in a vertical plane at right angles 
to the mucous surface and microscopic examination of a section repre 
senting the entire cut surface, after the tissue had been embedded in 
paraffin and stained with hematoxylin and eosin. As was appreciated 
in 1921, there is an error in examining only one section of a tonsil, even 


6. Wilkinson, H. Fielding: Pathologic Changes in Tonsils: A Study of Te 
Thousand Pairs of Tonsils with Special Reference to the Presence of Cartilage, 
Bone, Tuberculosis and Bodies Suggestive of Actinomycosis, Arch. Otolaryng. 10: 
127 (Aug.) 1929. 

7. Rossner, Therese: Haufigkeit und Bedeutung der Tonsillentuberkulose. 
Arch. f. Ohren-, Nasen- u. Kehlkopfh. 135:214, 1933. 
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ch it is an optimum section. The method employed, however, is 

nly one suitable for the routine examination of a large quantity of 

rial. 

he results of this study are summarized in the accompanying table, 
which is self-explanatory. The incidence of tuberculosis in the faucial 
tonsils in the various age groups showed some variation, the lowest 
(0.27 per cent) being in the youngest age group (0 to 5 years), while 
the highest (0.78 per cent) was found in the age period from 21 to 30 
vears. During the age period of 6 to 10 years tubercles were present 
in 0.53 per cent of cases. The other age groups showed a rather con- 
stant incidence of tonsillar tuberculosis, varying only from 0.38 to 0.41 
per cent. No involvement of the pharyngeal tonsils was noted in sub- 


jects more than 10 years of age. The percentage of tuberculosis found 


in all tonsils and that in the faucial tonsils were very similar, 0.44 and 
0.38 per cent, respectively, but the incidence of tuberculosis of the 
pharyngeal tonsils was very low, only 0.18 per cent. 

\ definite decrease in tonsillar tuberculosis was noted, the incidence 
for the years 1933 to 1935 being 0.44 per cent, as compared wtih 2.35 per 
cent for the years 1906 to 1919. Since these results were based on the 
comparatively large series of 6,359 and 8,697 cases, respectively, and 
since the methods of examination were exactly the same in the two 
groups, the results are highly significant. The trend toward a lower 
incidence, which Weller? noted (3 per cent in 1917 and 2.35 per cent 
in 1920), has continued to the present time. The reduced incidence of 


tonsillar tuberculosis was apparent in all age groups. 





CHEST LEADS IN ELECTROCARDIOGRAPHY 


C. L. C. VAN NIEUWENHUIZEN, M.D. 
AND 
H. A. P. HARTOG, M.D. 


UTRECHT, NETHERLANDS 


At first sight it seems surprising that the electrocardiogram was 
not derived precordially from the beginning, i. e., as directly as possible 
However, the fact that it was not is not so strange, for the limb leads 
give almost constant pictures, while chest leads show distinct changes 


when the exploring electrode is shifted. Moreover, the standard leads 
of Einthoven are adequate for a study of arrhythmia, and the problem 
of irregularity of the pulse has for many years been the leading one ir 
cardiology. Though chest leads were used occasionally in the early 


days of electrocardiography,’ their value was not generally appreciated 
until electrocardiographic research was made subservient to examina- 
tion of the myocardium, at first especially in coronary thrombosis. It is 
to the credit of Wood and Wolferth and their co-workers? to hav 
shown in a number of papers that a fourth lead may sometimes suppl) 
information of value in the diagnosis of coronary thrombosis whe: 
the classic leads either are failing or do not give sufficiently obvious 
information. 

However, not alone in coronary thrombosis do the three standard 
leads occasionally show a picture from which it is impossible to draw 
conclusions. In other disorders of the myocardium or of the coronary 
arteries the clinical picture, the evaluation of which should have th 
preference, can in the same way conflict with the electrocardiographi 
data. 


From the Medical Clinic of the State University of Utrecht, Prof. A 
Hijmans van den Bergh, director. 

1. Einthoven, W.: Arch. internat. de physiol. 4:132, 1906. Waller, A. D 
J. de physiol. 8:229, 1887. Lewis, T.: Heart 7:127 and 293, 1920; 8:193, 1921 
Ackermann, R.: Deutsches Arch. f. klin. Med. 144:61, 1924. 

2. (a) Wolferth, C. C., and Wood, F. C.: Am. J. M. Sc. 188:30, 1932 
M. Clin. North America 16:161,; 1932. (b) Wood, F. C., and Wolferth, C. C 
J. Clin. Investigation 11:815, 1932; Experimental Coronary Occlusion, Arch. Int 
Med. 51:771 (May) 1933. (c) Wood, F. C.; Bellet, S.; McMillan, T. M., and 
Wolferth, C. C.: Electrocardiographic Study of Coronary Occlusion, ibid. 52:752 
(Nov.) 1933. (d) Wood, F. C., and Wolferth, C. C.: Am. Heart J. 9:706, 1934 
(e) Wolferth, C. C.; Wood, F. C.; Bellet, S., and Edeiken, J.: Tr. A. Am 
Physicians 49:223, 1934. (f) Wolferth, C. C., and Wood, F. C.: Acute Cardia 
Infarction Involving Anterior and Posterior Surfaces of Left Ventricle, Arch 
Int. Med. 56:77 (July) 1935. 
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Since November 1933 we have as a rule used a chest lead in addi- 

to the three standard leads. After having studied about one 

isand, five hundred electrocardiograms obtained in this way, the 

1e of such a “semidirect” lead in solving various electrocardiographic 

and clinical problems became evident. Thus the thoracic electrocardio- 

sram, Which often indicates damage of the myocardium by deviation 

of the T wave ® in essential hypertension, chronic nephritis and coronary 

sclerosis, may teach new facts; * the question of the evaluation of the T 

waves in strong left or right axis deviation may be partly solved by 

the aid of the chest lead,® and finally this lead supplies data for a 
study of bundle branch and arborization block.® 


TECHNIC 

[he greater part of our curves were taken in such a way that the right arm 
electrode was applied above the area of absolute dulness of the heart in the fourth 
intercostal space to the left of the sternum, while the left arm electrode was 
applied to the back, mesial to the inferior angle of the scapula. This lead corre- 
sponds more or less with lead IV of Wood and Wolferth, except that these 
authors applied the right arm electrode above the cardiac apex. Later we 4# 
proceeded to apply the left leg electrode above the dulness of the heart and the 
right arm electrode to the left leg. Since the place of the nonexploring electrode 
s of little influence on the form of the electrocardiogram,® the same picture is 
obtained, except that it is a mirror picture with the P and T waves normally posi- 
tive. Finally we applied the negative electrode on the left leg and the right arm 
electrode over the area of dulness of the heart, for it appeared to us that in the 
last lead but one several characteristics of deviating curves, especially in coronary 
thrombosis and in chronic nephritis, were less striking than in the inverted lead. 
In this last lead the P and T waves are therefore normally negative. All curves 
have been checked in such a way that 1 mm. equals 1 millivolt. Overshooting was 
prevented, while slackening did not exceed one fiftieth of a second. 


1. THE NORMAL ELECTROCARDIOGRAM IN THE CHEST 
LEAD (FIG 14) 
As the figures found by us are practically the same as those reported 
by other investigators,’ we shall not publish the tables referring to 
them. We believe, as will appear from what follows, that in the chest 


lead a negative or positive monophasic ventricular complex, a ventricular 


3. Wilson, F. N.; Johnston, F. D.; Macleod, A. G., and Barker, P. S.: Am. 
Heart J. 9:447, 1934. Footnotes 1 and 2. 

4. (a) van Nieuwenhuizen, C. L. C.: Wien. Arch. f. inn. Med. 29:25, 1936. (6) 
Master, A. M.: Am. Heart J. 9:511 (April) 1934. (c) Katz, L. N., and 
Kissin, M.: ibid. 8:595, 1933. (d) Goldbloom, A. A.: Am. J. M. Sc. 187:489, 
1934. (e) Bohning, A., and Katz, L. N.: ibid. 189:833, 1935. 

5. (@) Barnes, A. R., and Whitten, M. B.: .Am. Heart J. 5:142, 1929. (b> 

1 Nieuwenhuizen, C. L. C., and Hartog, H. A. P.: ibid., to be published. 

6. Wilson, F. N.: Heart 16:155, 1933. 


Master.*» Katz and Kissin.4¢ Goldbloom.44 Bohning and Katz.*e 
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complex which is too broad or the failing of the © or of the R \ 
is just as pathologic as a difference of level between the ST and 

PO segment greater than 2.5 mm. or a flat diaphasic or inverted T wa 
except in a long sheep heart or the heart of a child (see section 

Sometimes clinical importance must be attached to the origin oi 
flat or diphasic P wave. 


CHANGES DUE TO CORONARY THROMBOSIS 


Wood and Wolferth ** divided the tracings obtained by them ; 
this disease into two groups. In the first group—tracings divided 
thoracicly in anterior infarctions—the electrocardiogram shows a dif- 
ference of level between the depreciated ST segment and the iso-electric 
line, which is larger and remains longer than in the other leads. In the 
course of time a positive T wave arises. The Q wave is either absent 
or very small. Usually it appears that the RS-T segment in lead |] 
runs higher than normal; sometimes the RS-T segment in lead III 
lies lower than normal. In the second group—tracings in posterior 
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Fig. 1—A, a normal electrocardiogram; B and C, the C 2 type of tracing; 


D and E, the C 1 type of tracing. 


infarctions—the electrocardiogram does not properly show a typical 
deviation in the chest lead. Sometimes there is a slight difference of level 
between the ST segment and the iso-electric line, and sometimes there is 
a flat or positive T wave. The deviations should be searched for rather 
in lead II, where the ST segment is nearly always elevated and a 
negative T wave arises in the long run; in lead III a deep Q wave 
usually is seen which satisfies the criteria fixed by Pardee. 

However, in our opinion a depression in the course of the RS-T 
interval in the chest lead cannot be considered a characteristic of 
coronary thrombosis, as the same deviation may be seen in coronary 
sclerosis, essential hypertension and chronic nephritis. Neither is a 
positive T wave a typical feature, as it is seen in many deviations of 
the myocardium. Wood and Wolferth *4 have described the occurrence of 
very high T waves in the thoracic electrocardiogram, which, remarkably, 
were found especially in cases of mild involvement. We too saw this 
peculiarity several times (see the case reports which follow), though 
it is an open question whether such high T waves would not be found 
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» often in the course of coronary thrombosis if the surface of the 

t were accurately explored with the electrode. 

Finally, Wood and Wolferth and their colleagues °° pointed to 

e importance in the diagnosis of coronary thrombosis of a small 

flection directed upward at the beginning of the ventricular complex. 
However, we saw this “initial upward deflection” also in cases in 
which coronary thrombosis could be ruled out. 

Referring to our own material, the thoracic electrocardiograms 
obtained in cases of coronary thrombosis may be divided into the two 
following types, which we call the C 1 and C 2 types: * 

1. The C2 type (fig. 1B and C). This type, which to a certain 
extent resembles that of the first type described by Wood and Wolferth, 
has for its particularity a flat or slightly concave descending ST segment, 
broceeding at a pronounced angle (usually 125 or 130 degrees) into an 
iscending line, which continues into a positive T wave or in the iso- 
electric line. The ST line may run far under the iso-electric level but 
also may rise from it. The positive T wave may be lacking, though it 
usually appears in the course of the disease. The © summit may be 
missing, but sometimes it is obvious. The P summit is sometimes nega- 
tive before thrombosis occurs and diphasic afterward. A notch in the 
ventricular complex is sometimes missing in the lead used by us; but 
if the cardiac region is explored with the anterior electrode, it is 
usually found. In the course of coronary thrombosis a high T wave in 
the chest lead and also in leads II and III may appear in connection 
with this type of thrombosis. Usually an acute stage of pain, anxiety 
or dyspnea was noted in the history of a patient with this type of elec- 
trocardiogram, and often there was a long history of angina pectoris 
Once this type of tracing was found in a case of diabetes mellitus and 
syphilis (case 4, table 1). 

It is important to retrace changes in the standard leads that are 
typical of coronary thrombosis and to observe what localization they 
admit. Three times a W-shaped ventricular complex occurred in lead 
I; twice a Pardee Q wave occurred in lead III. The W-shaped ven- 
tricular complex acquired a sharp negative T wave after some time, 
and the Pardee Q wave remained. In the four other cases no character- 
istic alterations were seen; thus the thoracic lead offered here the only 
secure electrocardiographic diagnostic evidence.** 

According to Barnes and Whitten ® the sharp negative T wave in 
lead I which follows the stage of the W-shaped complex must be 


8. The types are described for the right arm electrode (heart dulness) and 


the left leg electrode. 
8a. Since the preparation of this article this view has been confirmed. Espe 
cially in cases of mild coronary thrombosis, lead IV often offers the only 


leviations. 
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ascribed to anterior infarction, which corresponds with our view | 


the C 2 type is characteristic of infarction in the anterior wall.6” On 


other hand, according to Wilson ® the occurrence of a Pardee Q w 

in lead III (Q III type) is characteristic of infarction of the poste: 
wall, which is in contradiction with our experiences with curves of thi 
form. Nevertheless, one must be very careful when judging a Pardee 
Q wave. When this picture is seen to arise (e. g., together with violen 
substernal pain), this is of far greater value than a deep Q wave 
in lead III that is already present, which may occur also in coronary 
sclerosis without myocardial infarction (Willius ° and Pardee *°). 

2. The C 1 type of tracing (fig. 1D and FE). This type, which 
up to now has not been described in the literature on chest leads, exists 
in its most perfect form (fig. 1 D) in the ventricular complex in which 
are notable an “initial upward deflection”; a deep Q wave, a notch in 
the Q wave and especially an ST line with a high take-off that goes 
on convexly and into which creeps the T wave. Unlike the C 2 type, 
this type as a rule shows a pronounced Q wave. The small notch 
directed upward may be missing, but it may occur in the C 2 type and 
may therefore be valued only in connection with the other deflections. 
The most characteristic point is the high and convex course of the 
RS-T segment as it is seen in anterior infarction in lead I, but usually 
it is less definite. In other cases the ST segment becomes flat but keeps 
on rising too high and runs above the iso-electric level (fig. 1 EZ). Asa 
rule the following more or less typical alterations are found in the other 
leads: 

Lead I. An absolutely or relatively too deep S wave and a low 
T wave. 

Lead II. A too broad ventricular complex, notches in R, S or RS 
and a too deep S wave; the PQ distance is always too long. 

Lead III. A too deep S wave, notches after the S wave, a flat 
diphasic or negative T wave and sometimes a Pardee Q wave, a high 
take-off of the convex ST segment (Pardee RS-T wave) or a W-shaped 
or M-shaped ventricular complex. 

It is notable that in the history of patients who show electrocardio- 
grams of this type an acute moment is usually missed and that some- 
times (case 5, section 1) the alterations are seen to arise gradually 
in the course of time. It is our opinion that these electrocardiographic 


8b. Afterward in three other cases the postmortem examination proved the 
diagnosis to be correct. 

9, Willius, F. A.: Deutsches Arch. f. klin. Med. 172:113, 1931. 

10. Pardee, H. E. B.: An Electrocardiographic Sign of Coronary Artery 
Obstruction, Arch. Int. Med. 26:244 (Aug.) 1920. 
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alterations are probably due to posterior infarction. In favor of that 
theory the following reasons may be cited: 

|. Alterations typical of coronary thrombosis are seen in the other 
leads, especially in lead III, which indicates posterior infarction, accord- 
ing to Barnes and Whitten and to Wilson. 

2. The broad ventricular complexes, which have approximately the 
shape of an arborization block, and the lengthened or maximal atrio- 
ventricular conduction time, which are always found in this form, must 
be ascribed, as far as our knowledge goes, to alterations in the circula- 
tion of the posterior coronary artery." 

3. A negative reason is the absence of deviations characteristic of 
coronary thrombosis in lead I. 

4. About the same form is sometimes seen in ventricular extra- 
systoles in the chest lead, when ventricular systoles of the left type 
exist in leads I and III (fig. 4£). 

It is possible that in some such manner as is herewith suggested 
the problem of anterior infarction, which usually occurs suddenly, and 
posterior infarction, which usually appears gradually as the result of 
increasing coronary sclerosis, concerning which there is considerable con- 
troversy, may be settled. Clinicians have always had the impression 
that anterior infarction occurs much oftener than posterior infarction, 
whereas many workers in pathologic anatomy have found an equal divi- 
sion of thrombosis of the left and of the right coronary artery. Perhaps 
posterior infarctions escape clinical observation; an attack of dyspnea 
or a moderate attack of angina pectoris may be caused by coronary 
thrombosis. There is no certainty about it, however, as none of the 
patients have died and postmortem inspection has not been possible.'** 
According to other writers (Wood and Wolferth and Jervell) posterior 
infarction does not supply typical data. According to them it is only 
by means of the chest lead, which is indeed “semidirect,” that altera- 
tions of the anterior parts of the heart and especially of the cardiac 
apex (which is situated nearest to the electrode) become electrocar- 
diographically visible. On the other hand our patients, though not 
showing the extensive typical picture of coronary thrombosis, were 
suspected of having it; and in connection with the C1 type we found 
typical pictures only in the third standard lead. Finally, it is possible 
that the C 1 type is caused by septal infarction, due to insufficiency 
of either the left or the right coronary artery. In the first case anterior 


11. Spalteholz, W.: Verhandl. d. anat. Gesellsch. 24:141, 1907. Jamin and 
Merkel: Die koronar Arterien des menschlichen Herzens, Jena, Gustav Fischer, 
1907. Hans: Anat. Hefte 48:627, 1911. Taterka, H.: Klin. Wehnschr. 5:1833, 
1926. Frank: Ztschr. f. Kreislaufforsch. 21:664, 1929. 

lla. Lately in a case of acute posterior infarction (confirmed) a similar curve 
was found (Q wave of 20 mm.; a very high take-off of the convex ST segment). 
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infarction of the septum should arise, with possible infarction of | 
of the left ventricle and of the apex; in the second case post 
infarction of the septum should arise, with or without infarction oj 
right ventricle. Considering the deviations in the other leads, we be! 
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Fig. 2.—Examples of the C 2 type of tracing in case 1, section 1 (table ! 
case 1). A was taken on Jan. 30, 1934, B on February 2, C on February 3, / 
February 12, E on May 1 and F on April 7, 1935. 
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the C1 type is the expression of infarction of the posterior wall 
the heart or perhaps in the posterior part of the ventricular septum. 
On one occasion we saw a C1 type, though a less obvious one, 

i. case of rheumatic myocarditis (case 7, table 2; fig. 6 D). 
In summary, two deviations of the thoracic electrocardiogram are 
described which are typical of anterior infarction (the C2 type), on 


the one hand, and most probably of posterior infarction (the C 1 type), 


m the other. If the W-shaped ventricular complex in lead I is consid- 
ered to be typical electrocardiographic evidence of anterior infarction 
and if the occurrence of it in lead III is considered to be character- 
istic of posterior infarction, then in eight of fourteen cases the diagnosis 
was established with the standard leads. In six cases the chest lead 
offered the only pathognomonic evidence, and in several cases the 
thoracic electrocardiogram was typical when in the course of the disease 
the standard leads became more and more normal. The following cases 
are illustrative. 


CasE 1 (table 1, case 1; fig. 2A to F)—A bookkeeper aged 52, who had never 
been seriously ill before, suddenly had an attack of violent pain in the cardiac 
region. At his own request he was taken immediately to the hospital, where a 
diagnosis of coronary thrombosis was made. During his stay he recovered entirely. 
An electrocardiogram made half an hour after the beginning of the initial attack 
(fig. 24) showed some deviations in the course of the RS-T interval in the 
three standard leads; these, however, were not typical. In the chest lead 
the C 2 type was seen. After forty-eight hours a W-shaped ventricular complex 
was noted in lead I, with an arcuate ST segment (fig. 2B). Later a negative 
[ wave arose, which in the course of sixteen months returned to a flat T wave 
(fig. 2 C to F). In leads II and III the T waves became very high after fourteen 
months (fig. 2£). Finally the ST segment took off iso-electrically in lead IV, 
but its course remained typical of the C2 type; in the meantime typical changes 
were no longer seen in the other leads. This case proves that in very early stages 
the chest lead may be the only electrocardiographic sign of coronary thrombosis. 
It proves also that the unchangeable characteristic lies in the course of ST and 
not alone in the take-off of ST or in a positive T wave 

Case 2 (table 1, case 5; fig. 3 D to E)—Two days prior to his admission to 
our clinic a mason aged 43 had a sudden pain in the chest. When he was admitted 
to the clinic the pulse rate was 88 and the temperature 38 C. (100.4 F.) ; but most 
striking was the violent dyspnea. On percussion the heart appeared to be dilated 
somewhat to the left. For several hours slight pericardial friction was heard. 
Swallowing was painful. The differential diagnosis lay between coronary throm- 
bosis and diaphragmatic pleuritis. The roentgenogram did not indicate an existing 
pleuritis, but there were deviations in the electrocardiogram. A Pardee Q wave 
warned us to be careful and in lead IV a C2 type appeared to be present, with a 
deep Q wave (fig. 3D). The man soon recovered and was discharged at his own 
request. Probably pericardio-pleuritis was the correct diagnosis, with pleuritis the 
cause of the most serious complaints. This case teaches the value of the chest 
lead in making a difficult differential diagnosis in a case of acute intrathoracic 
disease. Thus there was found, besides the electrocardiographic characteristics of 
anterior infarction, a very deep Q wave in lead IV. Theoretically it is possible 
that this last-mentioned deviation existed as the remainder of posterior infarction; 
absolute certainty could of course not be obtained. 
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Case 3 (table 1, case 6).—A man aged 42 had been complaining for six weeks 
pain in the right arm and palpitation on exertion. Ten days prior to his 
admission to the clinic he suddenly had a violent pain in the abdomen, the tempera- 
ture rose and he sweated profusely. Three years before he had been in a hospital, 
and a diagnosis of syphilitic aortic insufficiency had been made (the Wassermann 
reaction of the blood was +4, and the Sachs-Georgi test was positive). On 
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Fig. 3—Examples of the C 2 type of tracing. For data on A see table 1, case 
2; for B see table 1, case 3; for C see case 5 (section 1) and table 1, case 4; for 
D and E see case 2 (section 1) and table 1, case 5. 
examination the following conditions were diagnosed: aortic insufficiency and cere- 
brospinal syphilis (the Wassermann and Sachs-Georgi reactions being negative). 
The pulse rate was 84, the temperature 37.7 C. (100 F.) and the respiratory rate 
normal. The sedimentation rate of the erythrocytes was normal. There were 
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7,200 leukocytes. No pericardial friction was heard. On the basis of this inf 
tion it was not possible to make a diagnosis of coronary thrombosis. Sixteen d 
after the attack of pain in the abdomen an electrocardiogram showed a dipha: 
wave in leads I and II and a C 2 type in the chest lead. Here too a disti: 
wave was seen in lead IV, which did not have the shape of the Q wave typ 
of posterior infarction (see C 1 type). Did it arise at the time of the attacl 
pain in the abdomen, and was it connected in any way with it? Did infarct 
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Fig. 4—Examples of the C 2 type of tracing. For data on A to D see case 4 
(section 1) and table 1, case 9. A was taken on Aug. 2, 1935, B on August 6, 
C on August 8 and D on August 13. For lead IV the anterior electrode was 
placed over the fourth interspace, 4 cm. to the left of the sternum. For lead IV * 
the anterior electrode was placed over the cardiac apex. E shows the C 1 form 
of tracing in an extrasystole as compared with ventricular extrasystoles of the 
left axis type in standard leads. 





VIEUWENHUIZEN-HARTOG—ELECTROCARDIOGRAPHY = 459 


stealthily as a consequence of coronary stenosis caused by syphilis of the 

The answer cannot be given on the basis of the electrocardiogram. 

vertheless this case illustrates the value of the chest lead when making a diag- 

s of myocardial infarction when there are indistinct clinical symptoms and the 

Its of other methods of examination are not of great value. Moreover, it 

ws that in making a diagnosis of myocardial infarction the disappearance of 
the Q wave in the chest lead is not obligatory. 

CAsE 4 (table 1, case 9; fig. 4.4 to D).—A workman aged 52, who had never 

been ill before, had a sudden violent pain in the cardiac region and in the upper 

portion of the abdomen while riding a bicycle. One day after his admission to the 


hospital there was a distinct défense musculatre in the upper portion of the abdomen 


The pulse rate was not accelerated. The temperature was 38.7 C. (101 F.). The 
sedimentation rate of the erythrocytes had increased (48 mm. after one hour and 
96 mm. after two hours, according to Westergren’s method). Though there was 
a possibility that an acute abdominal condition was present, the diagnosis was 
thought to be coronary thrombosis on account of the clinical picture. In lead I 
the electrocardiogram showed a W-shaped ventricular complex and in leads I, II 
and III a difference of level between ST and PQ and an aniso-electrical course 
of ST. With the chest lead there was a C 2 type of tracing. In the course of the 
ill 


illness a high T wave arose in the chest lead when the electrode was applied distally 
from the apex (1V?). In order to see a distinct notch in the R wave the electrode 
had to be placed in the fourth intercostal space above the left margin of the area of 
dulness of the heart. Electrocardiograms made later showed an iso-electrical 
beginning of the ST segment, but the same course, as described, remained. 

Case 5 (table 1, case 4; fig. 3C).—A man aged 64, suffering from diabetes 
and dementia paralytica, had complained for about a year of dyspnea on exertion. 
For three weeks there had been a vague pain in the upper portion of the abdomen 
on moderate exertion. On examination he appeared to have a cor bovinum. 
Roentgenograms revealed marked dilatation of both ventricles and great congestion 
of the lungs. An electrocardiogram showed distinct left axis deviation; in lead I 
the T wave was negative, in lead III positive and in lead II negative again. With 
lead IV there was a C 2 type of tracing. The anamnesis and the clinical examina- 
tion revealed no sign of myocardial infarction, but we felt justified in considering 
that in the presence of diabetes and tertiary syphilis chronic coronary insufficiency 
had caused infarction. How far syphilis of the myocardium was responsible for 
the picture seen in the thoracic electrocardiogram must be left undecided. In 
view of the fact that in many other cases in which there was syphilitic aortic 
regurgitation with anginal complaints a C 2 type of tracing was not seen, the impor- 
tance of syphilis of the myocardium is not considered to be very great in this case 

Case 6 (table 2, case 1; fig. 5 A)—Half a year prior to clinical observation 
this man aged 65 was suddenly seized one night with severe dyspnea. After that 
he tired easily and had palpitations on slight exertion. He never had pain. On 
examination there was hypertension, and the heart was greatly enlarged to the 
leit and to the right. There was strong cardiac congestion, and the liver was 
enlarged. An electrocardiogram showed a broad ventricular complex with a deep 
S wave in all leads (also in lead I, where a failing of S and a very high R might 
be expected on account of the hypertension). In lead II a distinct notch was seen 
and a slurring of the RS segment, the same as in lead I. With the chest lead there 
was the characteristic C 1 type of tracing. In our opinion the electrocardiogram 
pointed to the existence of myocardial infarction. There was no positive proof 
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it arose at the time of the first attack of oppression through coronary 


bosis or, which seems more probable to us, gradually as a result of coronary 


S18, 
\sE 7 (table 2, case 2; fig. 5B).—This man aged 65 had an interesting his- 
On Jan. 7, 1932, he suddenly had a violent pain in the left side which radiated 
to the upper portion of the abdomen; this pain lasted for a day and a half. He 
was short of breath, and deep breathing was painful. His physician considered 





























Fig. 5—Examples of the C 1 type of tracing. For data on A see case 6 
(section 1) and table 2, case 1; for B see case 7 (section 1) and table 2, case 2; 
for C see case 8 (section 1) and table 2, case 3, and for D and E see case 9 


(section 1) and table 2, case 4. 


that he had heart disease. After some time pleuritic friction became audible, and 
he was sent to our clinic, the diagnosis being pleuritis. At the time of admission 
to the clinic he had a slight fever (temperature of 38.2 C., 101 F.), the respiratory 
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rate was 26 per minute and the pulse was slightly unequal and irregular, w 
rate of 108. The blood pressure was 140 systolic and 90 diastolit. At the bas 
the left lung there was slight pleuritic friction, with pericardial friction of 
heart, which was somewhat dilated to the left. An electrocardiogram was 
made at the time. The sedimentation rate was strongly increased: after one | 

72 mm. and after two hours 92 mm. There was slight leukocytosis (9,800 leul 
cytes). On the roentgenogram rests of old specific deviations were seen. 
temperature soon became normal and the pain disappeared. Tubercle bacilli 
never found in the sputum, but a diagnosis of pleuritis sicca and pulmonary tu 
culosis was made. The patient was discharged in fairly good condition, but aft 
five weeks he was readmitted to the clinic. He no longer coughed, but the shor 
ness of breath had become more pronounced. A few days prior to his readmissi 
to the clinic he had had another attack of pain, in the right side this time, and | 
had coughed up some bloody sputum. Examination showed that dyspnea was 
marked and that both legs were edematous. The respiratory rate was 40 per 
minute, the pulse rate 120 and the temperature 38.6 C (101 F.). The percussio 
sound was dull at the base of the right lung, and on auscultation crepitant ral 
were heard. Again a diagnosis of pulmonary tuberculosis was made, and _ the 
patient was discharged. On Dec. 7, 1933, he was readmitted to the clinic becaus: 
of general cardiac failure. At that time an electrocardiogram showed a C 1 typ 
of tracing in lead IV and the previously mentioned characteristic changes in thx 
standard leads. In our opinion the history of the case should be interpreted as 
follows: On his first admission to the clinic the patient had coronary thrombosis 
(with pleuropericarditis), on his second admission infarction of the lungs and o1 
the third admission cardiac failure caused by myodegeneration. This case clearly 
shows the value of the chest lead in studying acute intrathoracic processes. 


Case 8 (table 2, case 3; fig. 5C).—A patient with an aortic aneurysm and 
syphilitic aortic regurgitation had had attacks of oppression for six years. There 
was progressive failure of the heart. An electrocardiogram showed changes of the 
C 1 type of tracing, probably caused by coronary stenosis due to syphilis of the 


aorta. As there was no acute moment recorded in the anamnesis, acute coronary 
obstruction probably had not occurred. 

Case 9 (table 2, case 4; fig. 5D and E).—This man aged 69 had a sudder 
violent sense of oppression in the cardiac region but no pain. After that he erew 
short of breath, and cardiac failure arose. On examination the heart appeared t 
be dilated to the left and to the right. There was a systolic murmur at the apex 
The pulse rate was 70, the respiratory rate 26 and the temperature normal. Thi 
blood pressure was 120 systolic and 85 diastolic. The liver was palpable. There 
was slight jaundice. An electrocardiogram shewed the typical changes of the 
C 1 type of tracing in all leads. In lead III no Pardee Q wave was visible, | 
there was a small W-shaped ventricular complex, similar to that seen in anterior 
infarction in lead I. The anamnesis and the electrocardiogram established the 
probable diagnosis of coronary thrombosis. 

Case 10 (table 2, case 5; fig. 6 A to C).—Since November 1933 a woman aged 
70 had repeatedly been admitted to the hospital. The diagnosis was arterioscleroti: 
myodegeneration with severe cardiac failure. Angina pectoris occurred at 
least exertion. The heart was enormously dilated to the left and to the right, and 
there was congestion of the lungs. The blood pressure was 210 systolic and 105 
diastolic. During the observation the electrocardiogram showed a picture whic! 
became gradually clearer and which showed in the standard leads more and mor 
definitely the deviations of posterior infarction. Also there were changes in the 
chest lead, in which a C 1 type of tracing was obtained showing a small ventricular 


nt 
jut 
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In our opinion the myocardial infarction arose, without any acute stage 


miplex. 
1 the gradually increasing coronary sclerosis, in which the posterior branch 
he coronary artery was chiefly involved (lead IV was taken with the electrodes 


case 7; fig. 6D).—A girl aged 19 years was admitted to the 


hanged). 


cI 


CAsE 11 (table 2, 


hospital because of dyspnea. A few years before she had suffered from a second 

















For data on A to C see case 10 
B on Oct. 3, 1934, 


Fig. 6.—Examples of the C 1 type of tracing. 
A was taken on Nov. 17, 1933 


(section 1) and table 2, case 5 
and C on Sept. 3, 1935 (the electrodes were in the precordium and on the left leg). 
For data on D see case 11 (section 1) and table 2, case 7, and for E see table 2 


case 6, 

attack of acute articular rheumatism (the first attack had occurred five years pre- 

Examination revealed enlargement of the heart, with dilatation to the 
The liver was enlarged and had a blunt 


viously). 
left and to the right, of the mitral type. 
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margin. Slight edema was present. The patient’s condition rapidly became \ 
(for a few days before her admission to the clinic pericardial -friction had 
audible), and about two months later she died. At autopsy 200 cc. of fluid 
present in the pericardium. There was fresh endocarditis of the mitral valy: 
many rheumatic nodes were spread over the myocardium. It is well known 
in rheumatic myocarditis the electrocardiographic picture in the standard | 
may be reminiscent of coronary thrombosis, as demonstrated in this case by 
chest lead. 
2. ABNORMALLY DEEP T WAVES 


While taking thoracic electrocardiograms with the anteroposterior 
or anterior-left leg lead (in which normally the T wave is negative) we 
sometimes saw remarkably deep T waves, and it seemed important to 
ascertain the clinical significance of this deviation. Master *” reported 
the following values for the T wave in normal subjects: average, 
mm.; minimum, —1.5 mm., and maximum, —7.5 mm. Bohning and 
Katz *° found —5.7, —2 and —10 mm., respectively ; and Goldbloom 
found —4.9, —2 and —8 mm., respectively. The maximum values 
reported by Bohning and Katz (—10 mm. in twenty-five cases) were 
highest, and those reported by Master (—7.5 mm. in one hundred and 
four graphs) were lowest. We too found in some cases —10 mm. as 
a maximum depth for the T wave in a normal subject; nevertheless, 
such a value is exceptional. In the next paragraphs T waves deeper 
than 10 mm. in the chest lead will be discussed. 

Bohning and Katz found in 12 per cent of their curves for patients 
with a suspected or distinctly insufficient coronary circulation a T wave 
of from —8 to —11 mm. Wolferth and Wood,*f who sometimes found 
a high T wave in the chest lead in cases of anterior infarction, expected 
to find a very deep T wave in cases of posterior infarction. However, 
they have not described such a case as yet, and their supposition does 
not seem probable to us (see section 1). As far as we have been able 
to see, no attention has been paid to an abnormally deep T wave in 
association with other conditions. It has been pointed out by some 
investigators that the position of the anterior electrode influences the 
size of the T wave (Hoffman and Delong *? and Roth **). For patients 
suffering from cardiac disease a deep T wave should be of significance 
only when the anterior electrode is in a certain position. According to 
these investigators the T wave increases in depth as the anterior 
electrode is applied nearer to the sternum, and according to Katz and 
others this happens when the exploring electrode is applied nearer to 
the cardiac apex. We also observed this in a series of electrocardio- 


grams of normal subjects (generally the T wave increases in depth 


12. Hoffman, A. M., and Delong, E.: Standardization of Chest Leads and 
Their Value in Coronary Thrombosis and Myocardial Damage, Arch. Int. Med 
51:947 (June) 1933. 

13. Roth, I. R.: Am. Heart J. 10:798, 1935. 
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from the first intercostal space, where it is still positive, as a rule, to 
lower down; and the same occurs when the exploring electrode is moved 
from left to right in one intercostal space). Nevertheless, we found that 
those variations never reach values exceeding 10 mm., so that great 


importance may be attached to a T wave deeper than 10 mm. 


Another question is how far changes of the anatomic axis of the 
heart influence the thoracic electrocardiogram.*” Einthoven and _ his 
co-workers '* and later Cohn and Raisbeck *° demonstrated that inversion 
of the T wave may be brought about by changing the angle between the 
horizontal and the anatomic axis. One can imagine that such a mecha- 
nism played a part in our cases in which there were abnormally deep 
T waves. But on measuring the previously mentioned angle (on the 
roentgenograms of nearly all patients) we could not find any conformity 
between the anatomic axis and the changes in the T wave. Then there 
remains the possibility that a deep T wave may be caused by a revolv- 
ing of the heart on its anatomic or horizontal axis. In opposition to this 
theory may be stressed that fact that various valvular defects (stenosis 
or insufficiency of the aorta or of the mitral valves) are attended with 
such a deep T wave. 

However that may be, it is of greater importance that we found 
organic cardiac or cardiovascular disease in forty of our forty-seven 
patients (85 per cent) with T waves deeper than 10 mm. This immedi- 
ately draws attention to the clinical importance of an abnormally deep 
T wave in the chest lead. In three other patients the presence of 
disease was dubious (cases 3 to 5), and in four others no clear 
deviation of the heart could be corroborated. It is striking that the 
abnormally deep T wave occurred in forty-three males, whereas our 
electrocardiographic material represented a few more females than 
males. About 70 per cent of these patients were over 40 years old. 
Bohning and Katz attributed the deep T wave to the symptoms of 
coronary sclerosis. As this deviation of the coronary vessels occurs 
frequently, it is difficult to say whether electrocardiographic deviations 
like these must be ascribed to coronary sclerosis or to other additional 
causes. Moreover, the standard leads in our cases did not show the 
characteristics of coronary sclerosis. Over and above that, in many 
cases of electrocardiographically typical coronary sclerosis we saw no 
deep T waves in the chest leads.1** Nevertheless, we cannot deny the 
possibility that coronary deviations play a part in the causation of deep 

14. Einthoven: Arch. internat. de physiol. 4:132, 1906; Arch. f. d. ges. 
Physiol. 122:517, 1908. 

15. Cohn, A. E., and Raisbeck, M. J.: Heart 9:311 and 331, 1922. 

15a. An article about changes due to coronary sclerosis will be published by 
us later, 
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T waves; one can presume that in cases of hypertension, chron\ 
nephritis, defects of the aortic valves and arteriosclerotic myodegenera 
tion the coronary vessels are not without defects. On the other h; 
this explanation is less probable in cases of mitral stenosis (with ust 

a low tension), mitral insufficiency and exophthalmic goiter. 


TABLE 3.—Data on the T Waves in Leads I to IV 


Blood Pressure, T:, 
Diagnosis Mm. of Mercury Mm. 


Essential hypertension ; 260/180 
Essential hypertension.............. 165/100 3 
Essential hypertension.. ne ms 195/100 iph. —{ 
Essential hypertension............ 220/110 0 
Hypertension wewine 175/100 diph. 
Hypertension 200/100 1 
Hypertension (case 2, section 2).... 250/130 § 2 
Hypertension oe 210/110 l 
Hypertension....... or 235/110 1 
Hypertension . 275/140 q 2 
Hypertension; Bright’s disease...... 200/120 i. 
ROTTED. 6.49.0. 06:3 varcvaceces: 150/ 90 
Aortic and mitral regurgitation. 155/ 0 f diph. { 
Aortic regurgitation 170/ 0 —3 
Aortic regurgitation ‘is 134/ 58 iph. om 
Aortic regurgitation a ete 1 
Aortic regurgitation and steno: * 30 / ‘ 3 
Mitral insufficiency........ / 75 — ain. 
Mitral insufficiency 5 5 
Mitral insufficiency. 
Mitral insufficiency................. ; 
Dc ccd oc tbicessesees oie 
Mitral stenosis 
Mitral stenosis enenieaies 
ST IE, vn cikpitbbe ts kotecnuces 
Mitral insufficiency (case 1, section 2) 
Mitral insufficiency 1 
Complete heart block 5 diph, 2 
Bundle branch block oe —7 
Bundle branch block nai 5 
Arborization block............ N 0 
Myodegeneration 20/ 5% —2 
eee... os 4 
ee EL Oe 75 2 
Myocarditis. . os an 85/ 75 diph. § 
) 


Sovcceusy 


| 
sew cr 


Angina - Se il a pid ceinws cacnale ‘ 
Auricular fibrillation........... oy 
Auricular fibrillation ae a 
Rheumatic polyarthritis....... 
Exophthalmic iene 

No deviations....... 


No deviations 
No deviations 


Ee ee ee a) 
We ONC Cle OR ORY 


0 0 wm OO DO UI be: 


As a working hypothesis we may assume that in cases of mitral 
defects revolving of the heart and in some other cases coronary changes 
play a part. The deep T waves were partly found in bundle branch 
or arborization block, in analogy to the diphasic ventricular complexes 
in the other leads (fig. 7D). As for the T waves in the other leads 
(table 3): in twenty-seven cases the T waves in leads I and II were 
positive (though low in seven), and in the other twenty cases in both 
lead I and II the T wave was either negative or flat. Positive T waves 
in the three standard leads were found seventeen times in forty-seven 
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ses; so in more than one third of all cases lead 1V offered the only 
leviation! This demonstrates the importance of the chest lead for this 
eroup as well as for the others. It impressed us that in the four cases 
of mitral stenosis in which there were deep T waves the T waves in 
the limb leads were always positive. Now the question arises as to 
how far this T wave indicates insufficiency of the myocardium. In 
about one third of the cases there were clinical indications of decom- 
pensation (dyspnea, cyanosis, a distinctly more rapid pulse rate, edema 
and congestion of the lungs) ; in the other cases these symptoms were 
absent. 

In summarizing our data we may say that the greater part of our 


patients (85 per cent) who showed a deep T wave in the thoracic 


electrocardiogram clearly showed signs of organic disease of the heart 
or of the cardiovascular system; in some cases such diagnoses were 
plausible, though they could not be proved (5 per cent), and in the 
other cases (10 per cent) they could not be demonstrated. The deep 
T wave did not prove to be a sure sign of myocardial insufficiency. The 
following case reports illustrate these features. 


Case 1 (fig. 7A)—A man aged 21 was suffering from a combined mitral 
defect. He complained of palpitations, shortness of breath and a heavy feeling in 
the cardiac region on exertion. These symptoms began six years before his admis- 
sion to the clinic, after an attack of acute polyarticular rheumatism. On examina- 
tion a raising impulse was found which extended outside the medioclavicular line; 
on percussion the heart appeared to be enlarged to the left and to the right, and 
on auscultation a loud first sound and a soft presystolic and a rough systolic 
murmur were heard. An electrocardiogram ® showed a large ventricular complex 
in the first lead, right axis deviation and high T waves in leads II and III. In 
lead IV the T wave was 30 mm. deep. 

Case 2 (fig. 7 B)—A man aged 58 had a blood pressure of 250 systolic and 
130 diastolic. The heart was slightly enlarged to the left, with a somewhat 
widened aorta. For the rest there were no clear deviations. The diagnosis was 
arteriosclerotic hypertension and arteriosclerosis of the aorta. An electrocardio- 
gram showed strong left axis deviation. In leads I to III the T wave was low, 
but in lead IV it was 28 mm. deep. 

Case 3 (fig. 7C).—A man aged 33 complained of slight oppression and palpita- 
tions on exertion. On physical examination no important deviations from normal 
were found. The blood pressure was 120 systolic and 75 diastolic. Tests for 
syphilis were negative. Percussion and auscultation of the heart revealed no 
abnormality. However, roentgen examination showed that the aorta was wide 
and that the heart was dilated to the left. We therefore could not consider the 
heart of this patient to be entirely normal. The only peculiarity shown by the 
electrocardiogram was that the T wave in lead IV was 14 mm. deep. 

Case 4—A woman aged 49 had for some time complained of attacks of palpita- 
tion, which occurred about once a fortnight. After such an attack the patient 
vomited and urinated several times. She was greatly fatigued. On physical 
examination no deviations were found, except that once there was total irregular 
tachycardia. Such an attack was not recorded electrocardiographically. The only 
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peculiarity the electrocardiogram showed was a T wave of — 14 mm. in lead 

It is not improbable that this woman suffered from paroxysmal auricular fibril|- 
tion. Therefore, it is possible, though it cannot be proved, that the depth of T, | 
implied a pathologic condition. 

Case 5.—A man aged 26 complained of having sometimes a gripping feeling j; 
the chest, together with vomiting. This had nothing to do with exertion, eating or 
emotion. Otherwise the patient was in good health. The blood pressure was 
normal. The heart showed no peculiarities either on the roentgenogram or 





























Fig. 7—Examples of deep T waves. A (case 1, section 2) shows a deep 7 
wave in mitral stenosis. B (case 2, section 2) shows a deep T wave in arterio- 
sclerotic hypertension. For data on C see case 3, section 2. D shows a deep, 
broad T wave in bundle branch block. 


physical examination. The urine contained some albumin, erythrocytes and 
granular casts. The only peculiarity the electrocardiogram showed was a T wave 
of —13 mm. in lead IV. Does such an electrocardiographic picture offer the 
starting point for making a diagnosis of disease of the heart? For the present 
we do not believe that it does. 
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3. THE FLAT AND INVERTED T WAVE 
Not only in cases of myocardial infarction due to coronary thrombosis 
but also in cases of damage to the myocardium due to other causes 
the chest lead may be of diagnostic value. Wood and Wolferth and 


their co-workers ** have already pointed this out. Hoffman and Delong ™* 
were the first to study the deviations of the T wave in lead 1V 

some cases of myodegeneration and other diseases of the myocardium. 
However, they came to the conclusion that the standard leads as a 


TABLE 4.—Data on the T Waves in Leads III and IV 


Diagnosis 


Hypertension; diabetes... 

Hypertension; diabetes. , + 
Hypertension; angina pectoris.. Trace 
Hypertension ere ee + 
Hypertension.. Shallow 
Hypertension; angina pectoris ; ; + 
Hypertension. ‘ Shallow 
Hypertension.. Trace Shallow 
Hypertension (hypernephroma ‘). Shallow 
EP YPSLtENSlOR,.....cscccsseve ; ‘ Trace Trace 
Hypertension........ fen _ de 
Hypertension........ ee ' P " ~ Diphasie 
Hypertension.. Flat Flat 
Hypertension..... Flat 
Angina pectoris.... ; + 
Angina pectoris. y - 
Angina pectoris... . Diphasie 
Angina pectoris... r 
Anginous syndrome Diphasic Diphasic 
Coronary sclerosis. . ’ 

Coronary sclerosis; diabetes..... Flat 
Myodegeneration Flat 
Heart failure.. Shallow 
Aortic regurgitation. ; , - Diphasic 
Syphilitic aortitis.. : Flat Shallow 
Mitral stenosis....... . ion Diphasic Diphasic 
Auricular extrasystoles. . : Flat - 
Extrasystoles; heart failure ‘ Flat Shallow 
Ventricular extrasystoles. . Diphasie Shallow 
Ventricular extrasystoles.... — Shallow 
Ventricular extrasystoles. Diphasie 
Ventricular extrasystoles Diphasie 
Exophthalmic goiter.... : : - - 
Exophthalmic goiter.. : - Shallow 
Simple goiter ; - Shallow 
Simple goiter; tachyc ardia.. Diphasic Shallow 
Diphtheria; —— ; Diphasic 4 
Diphtheria.. a ; - Diphasic 
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rule offer sufficient data about the condition of the myocardium. Bohning 
and Katz ** favored the same opinion, and of late Scherf ?* has once 
more defended this view. Korth and Hecht,’* on the other hand, 
published examples which illustrated the importance of the chest lead 
in diffuse myocardial lesions, when the limb leads answer this question 
either insufficiently or not at all. One of us (van Nieuwenhuizen **) 
described some cases of rheumatic myocarditis in which plain deviations 
were seen only in lead IV, whereas in some cases the picture of the 
T wave in the fourth lead changed analogically with the condition of 


the patient. 


16. Korth, C., and Hecht, H.: Klin. Wehnschr. 14:992, 1935. 
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In our first group of fifteen hundred electrocardiograms with {: 
leads we found deviations of the T wave in the chest lead (exc 
those mentioned in sections 1 and 2) in one hundred and fifty-fi 
cases. In forty-six of them the T wave in leads I and II was eithe: 
low or flat or negative. As the chest leads in this group did not sett) 
the diagnosis, these cases will be left out of consideration. Forty-fou 
of the other one hundred and nine electrocardiograms showed a flat, 
low or negative T wave in the third lead (table 4). In this group the 
chest lead (with a restriction to be mentioned later) as a rule settled 
the question of judging the condition of the myocardium. In the 
remaining sixty-five electrocardiograms only the fourth lead deviated 
from the standard (table 5). These figures show that the chest lead 
does not correspond exactly with the standard leads. The desirability 
of bringing the electrocardiographic method to perfection when diag- 
nosing diffuse myocardial damages will be appreciated by every one who 
is familiar with those frequent cases in which there are obvious clinical 
symptoms of cardiac failure but the limb leads do not show typical 
changes. However, when the T wave in the fourth lead is being 
judged some factors must be considered. It is agreed that digitalis 
influences the shape of the T wave just as much in the chest lead as 
in the standard leads (Strauss;'* van Nieuwenhuizen**). Also, just 
as in limb leads, heating or cooling the surface of the chest above the 
cardiac apex may cause an inversion of the T wave (Jervell **). Finally, 
it impressed us that sometimes a positive T wave was found in th 
anteroposterior or the anterior left leg lead in clinically healthy sub- 
jects, especially children. On closer examination we found that these 
patients had a “dropping heart,” or a long, steep heart, of which the 
low R wave in lead I and high R waves in leads II and-III wer 
mostly, but not always, the expression in the limb leads. Also as a 
rule the T wave was low in lead I and high in lead I]. When inter 
preting the thoracic electrocardiogram it is important to remember 
this fact and not to consider an inverted T wave in lead IV in patients 
with long, steep hearts and in children as a symptom of myocardial 
disease. Recently Graybiel and White *° described a negative T wave 
in the standard leads in fairly normal subjects. However, an exami- 
nation of their case reports shows that some of the patients suffered 
from paroxysmal tachycardia and thyrotoxicosis. Aside from these less 
convincing cases, there were some in which a diagnosis of “neuro- 
circulatory asthenia” had to be made. Of course it cannot be denied 
that a gradually intruding infection may have developed, but that would 


17. Strauss, H., and Katz, L. N.: Am. Heart J. 10:546, 1935. 
18. Jervell, A.: Acta med. Scandinav., supp. 68, 1935, p. 1. 
19. Graybiel, A., and White, P. D.: Am. Heart J. 10:345, 1935. 
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ip the electrocardiographic and clinical diagnoses ad absurdum. 
must not be forgotten that Lewis found the T wave minimally to 
0.5 mm. in lead I in normal subjects, and in lead II there 

as sometimes a “trace.” Possibly our cases of inverted T waves in 


TABLE 5.—Further Data on the T Waves in Leads III and IV 


Age, 

Sex Years Diagnosis "3 Ts 
Hypertension.. : Diphasic 
Hypertension.... . ; . of 
Hypertension.. . Shallow 
Hypertension........ : ‘le Flat 
Hypertension.. ire ‘li Shallow 
Hypertension.. + 
Hypertension. lg Shallow 
Hypertension; Bright’s disease 4 
Hypertension; diabetes...... ~ 
Hypertension; angina pectoris. + High 
Hypertension; angina pectoris a 
Angina pectoris....... Diphasic se 
Angina pectoris. : Flat Shallow 
Angina pectoris............... Flat Shallow 
Coronary sclerosis Flat Flat 
Coronary sclerosis; heart dilated.. - 
Coronary sclerosis : Shallow 
Coronary sclerosis. ; Shallow 
Coronary sclerosis; emphysema. Shallow 
Coronary sclerosis; diabetes... Fle Shallow 
Numerous extrasystoles..... 
Numerous extrasystoles following diphtheria - 
Numerous extrasystoles; escaped beats... Shallow 
Nervous tachycardia ; f Shallow 
Nervous tachycardia... ore Shallow 
Palpitations....... ; Shallow 
Paroxysmal tac hye ardia @ ). Diph. 
Exophthalmic goiter.... Diph. 
Exophthalmie goiter.. ne + 
Exophthaimic goiter. eéasecs ; le Shallow 
Exophthalmie goiter... : a eee - Diph. 
Exophthalmie goiter............ ; - - 
Exophthalmie ates ae 
Mitral stenosis....... rere ‘ . 
Mitral stenosis..... ne Shallow 
Mitral stenosis..... a Te 
Mitral stenosis ‘ Shallow 
Mitral stenosis; —ycaapamcataadl wae — 
Mitral insufficiency.. Shallow 
Mitral insufficiency..... Diph 
Mitral insufficiency Shallow 
Aortic regurgitation..... - 
Rayon ag nancvnpnamede defect. 

Endocarditis.......... 
Sydenham’s chorea..... f _ 
Congenital malformation.. ~ 
Congenital malformation.. Shallow 
Aneurysm of subclavian artery + 
Bronchopneumonia... + 
Dropping heart rile Shallow 
Dropping heart... r 
Headache....... Shallow 
Hysteria.. ‘ ; L + 
Tumor of spinal cord..... ; . al 
Neurotic complaints... Shallow 
Syncopes without known origin. Shallow 
Pains in back.. ; - + 
Cholelithiasis... . Flat 


Ped PP Pf Pj PP Pb 


fairly normal persons are analogous to those of White (in which the 
cause was not known); but to us it seems more probable that the 


position of the heart was the causal factor. 


Case 1 (table 5, case 33; fig. 84)—A woman aged 38 suffered from hyper- 


thyroidism. She had distinct tremors of the hands and a pulse rate of 104. The 
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blood pressure was 200 systolic. The basal metabolism was +61 per cent. A 
roentgenogram showed the heart to be dilated to the left, possibly- with dilation 
the right ventricle. An electrocardiogram showed no distinct deviations in I 

I and IT; in lead III the T wave was low but positive in the anteroposterior | 
So here the chest lead offered the only electrocardiographic sign that this sever 
hyperthyrosis was combined with disease of the myocardium. 

CASE 2 (table 5, case 40; fig. 8 B) —A workman aged 57 suffered from stomach 
trouble and palpitations. Sometimes he awoke with an intense pain in the cardiac 
region. The blood pressure was 100 systolic and 75 diastolic. There was slight 
peripheral arteriosclerosis. On percussion and roentgenographically the heart 
appeared to be enlarged. Above the mitral valve a systolic murmur was heard. 
The diagnosis was mitral insufficiency. The liver was slightly enlarged. An 
electrocardiogram showed low ventricular complexes in lead I; the course of the 
ST segment was aniso-electrical and saddle shaped. In lead II there were small 
ventricular complexes with a notch in S. In lead III the course of ST was aniso- 





























Fig 8—Examples of diphasic and positive T waves following diffuse injury 
to the myocardium. For data on A see case 1, section 3, and for B see case 2, 
section 3. 


electrical; here too the ventricular complexes were small. In all three leads the 
T waves were positive. In lead IV the T wave was diphasic. With the other 
deviations these findings indicated a none too favorable condition of the myocar- 
dium. It is a question whether here there was not a C 2 type of tracing, which 
then indicated the pressure of anterior infarction which had arisen chronically. 


SUMMARY 


Data obtained from the chest lead derived as a routine method are 
discussed on a basis of fifteen hundred tracings. In coronary throm- 
bosis the chest lead often offers the only electrocardiographic diagnostic 
evidence. The importance of the chest lead for the differential diag- 
nosis of acute intrathoracic or abdominal deviations with coronary 
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thrombosis is pointed out. The chest lead may be of much value also 

, reaching a diagnosis in a case of gradually arising myocardial infarc- 
tion. The tracings obtained in coronary thrombosis are divided into 
two groups, one of which (C2 type, fig. 1B and C) was caused by 
anterior infarction and the other (C1 type, fig. 1 D and E) possibly 
hy posterior or septal infarction. 

[t is not improbable that these last curves indicated an atypical 
bundle branch block. But there still remains the question whether the 
cause is not an insufficiency of the blood supply by the posterior 
coronary artery. 

The latter form of tracing (C1) was seen in one case of rheumatic 
myocarditis. The history of a patient in the first group usually records 
an acute attack ; that of a patient in the second group usually bears no 
record of a sudden attack of pain or oppression. This is the reason 
these myocardial changes often escape clinical observation. Next the 
clinical significance of an abnormally deep T wave (deeper than 
—10 mm.) is pointed out. With a few exceptions such a wave is 
always found in organic disease of the heart. In cases of mitral stenosis, 
however, the T waves in the standard leads are strongly positive; in 
other groups (hypertension, chronic nephritis and aortic defects) all 
or part of them are abnormal. The hypothesis is advanced that the 
deep T wave in mitral stenosis is the result of a difference in the posi- 
tion of the heart; in the other groups this might be the result of myo- 
cardial disease. A deep T wave is found also in bundle branch block. 
Then, however, the ventricular complex is very high and large, in 
analogy to the diphasic ventricular complexes in the other leads. 

Finally the importance of the chest lead in making an electrocardio- 
graphic diagnosis of diffuse myocardial damage is demonstrated either 
as a support for the third lead (table 4) or as the sole criterion 
(table 5). Here the T wave may be shallow, diphasic or positive. 
Other factors which influence the shape of the T wave in the chest 
lead are digitalis and a longitudinal position of the heart, especially 
in children. 











ANATOMIC FEATURES OF THE CARDIAC ORIFICE 
OF THE STOMACH 


WITH SPECIAL REFERENCE TO CARDIOSPASM 


FREDERICK C. LENDRUM,* M.D., Pu.D. 
DETROIT 


The clinical problems which concern the lower end of the esophagus 
and the cardiac orifice of the stomach are basically anatomic problems. 
The occurrence and nature of esophageal varices depend on the venous 
supply and the anastomoses across the cardia, as has been demonstrated 
by Kegaries.'. The study of peptic ulcer of the esophagus raises the 
question of the competence of the sphincteric action of the cardia in 
preventing the regurgitation of gastric juice and also the question of the 
occurrence of islands of gastric mucosa in the esophagus. Carcinoma of 
the cardia and the lower extremity of the esophagus also is of extreme 
anatomic interest. The peculiar glandular epithelium which is present at 
the cardia might be expected to give rise to neoplasms which have differ- 
ent properties from those of neoplasms which originate elsewhere in the 
stomach and esophagus. Moreover, the metastasis of a carcinoma at the 
cardia depends on the distribution of the lymphatic glands in this region, 
which has been much less satisfactorily studied than has the lymphatic 
drainage of the stomach. Finally, the phenomenon of cardiospasm, 
which is the most important clinical condition associated with this region, 
doubtless depends for its explanation on some peculiarity of the muscu- 
lature, nerve supply or external pressure at this point in the enteric 
canal. 

Much labor has been spent on the study of the anatomic features of 
the stomach, and no small amount of attention has been directed also to 
the esophagus. Surprisingly little thought, however, has been given 
to the point of transition between these two organs. Accordingly, for the 
most part there are no adequate descriptions of what happens to the 
various tissues as they pass from the esophagus into the stomach. For 
the purposes of the present paper the word cardia will be used to cover 
this region of transition, including the lower extremity of the esophagus, 


* Former Fellow in Medicine, the Mayo Foundation. 
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int of juncture with the stomach and the adjacent portions of the 
tomach. If the term cardia should sound to the literary purist like 
“cardiac orifice,” it may console 


a colloquial modern abbreviation for 


den? as early as 1802. 


GENERAL DESCRIPTION OF THE CARDIAC ORIFICE 

After passing through the diaphragm the lower end of the esophagus 
curves to the left and enters the inner aspect of the upper end of the 
stomach at the cardiac orifice. In the human adult the abdominal por- 
tion of the esophagus, which is termed the cardiac antrum, is about 
2cm. in length. At the cardiac orifice the right margin of the esophagus 
is continuous with the lesser curvature of the stomach, while the left 
margin joins the greater curvature at an acute angle, which is termed 
the incisura cardiaca. This angulation is dependent on the form and 
position of the adjoining fundus. 3 

When the esophagus and stomach are opened at necropsy, the 
mucous membrane at the cardia presents an abrupt change in appearance 
from the smooth, white, opaque, parchment-like mucous membrane of 
the esophagus and the mamillated pink mucus-covered lining of the 
stomach. This contrast more often than not is partially effaced by 
postmortem erosion around the cardia. 

The esophageal epithelium terminates not in a straight but in a 
jagged, irregular and angulated line. Just below this line in the adult 
there is a groove, which is formed by the orifices of the cardiac glands, 
which in the adult undermine the lower end of the esophageal epi- 
thelium. Microscopically the epithelium of the esophagus is observed 
to be, in the human species, of a thick noncornified stratified squamous 
variety, with numerous papillae, arranged linearly in the axis of the 
esophagus (fig. 1). At the cardia the stratified squamous epithelium 
of the esophagus changes abruptly to the simple columnar epithelium 
of the stomach (fig. 2). 3eneath both varieties of epithelium, at 
intervals of about 2 or 3 mm. in the ordinary section, are the mucosal 
lymph follicles. Likewise, beneath both varieties of epithelium are 
the cardiac glands. In the human infant, as well as in eight other species 
of mammals which I have examined, the cardiac glands have the struc- 
ture of stunted or incomplete fundic glands. Bensley,* who has 

2. Heberden, William: Commentaries on the History and Cure of Diseases, 
London, T. Payne, 1802. 

3. Bensley, R. R.: The Cardiac Glands of Mammals, Am. J. Anat. 2:105-156 
(Nov. 29) 1902; The Cardiac Glands of the Mammalian Stomach, Anat. Rec. 4: 
375-390, 1910; The Gastric Glands, in Cowdry, E. V.: Special Cytology: The 
Form and Function of the Cell in Health and Disease, New York, Paul B. Hoeber, 
Inc., 1928, vol. 1, pp. 139-167. 
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investigated the cardiac glands in much detail, concluded that they ar 
essentially fundic glands the development of which has ‘been in sony 
way inhibited. This inhibitory influence is apparently lost in middk 
adult life, when the cardiac glands undergo an adenomatous hyperplasia 
which produces bizarre irregular masses of glandular tissue. 

The cardia is the site of striking changes in the subepithelial con- 
nective tissue, which take place by gradations over the region occupied 
by the cardiac glands. In the esophagus there is a fairly thick layer 
of connective tissue and lymph follicles between the epithelium and the 
muscularis mucosae. This layer is more cellular and much more dense 
than the submucosal layer, which it approaches in thickness. It con- 














Fig. 1—Full thickness section of the esophagea! mucosa at the cardia, cleared 
to show the linear longitudinal arrangement of the papillae (>< 28). 


tains no fat cells. The lamina of subepithelial connective tissue con- 
tinues unchanged to the lower border of the esophageal epithelium. In 
the region of the cardiac glands this layer is invaded and distorted by 
irregular masses of glandular tissue. When the true fundic glands are 
reached, the muscularis mucosae is applied directly to the fundic ends of 
the glands, and the mucosal layer of connective tissue almost disap- 
pears, 

No less dramatic are the changes which take place in the muscularis 
mucosae. Throughout the esophagus the muscularis mucosae is very 
thick; in fact, it is possible to find sections in which it equals in thick- 
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ness that of the outer longitudinal layer of the muscularis propria. The 
muscularis mucosae has no sheath. It does not form even a single dense 
lamina but is made up of ragged longitudinal strands of smooth 
muscle separated by connective tissue. In the small intestine the 
muscularis mucosae is made up of an inner circular and an outer longi- 
tudinal layer. In the larger part of the stomach it is made up of three 
lavers. However, in the esophagus, at the cardia and in the neighboring 
few centimeters of the stomach I have never seen anything except longi- 
tudinal fibers in the muscularis mucosae. The muscularis is unchanged 
throughout the esophagus as far as the cardia. The cardiac glands in 
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Fig. 2—Point of juncture between the squamous and the columnar epithelium 


at the cardia (X 340). 


the adult sometimes break into the muscularis, so that while these glands 
lie mostly superficial to the muscularis, strands of muscular tissue may 
surround the deep layers of the cardiac glands. As soon as the mus- 
cularis mucosae reaches the region of the fundic glands, which is 
generally within 1 or 2 cm. of the end of the esophageal epithelium, it 
becomes a much thinner but more dense and regular layer and is applied 
closely to the ends of the glands. 

The submucous layer of the esophagus is composed of acellular 
loose connective tissue. The submucosal layer contains the esophageal 
glands proper, which are closely applied to the outer surface of the 
muscularis mucosae. It contains also a few scattered fat cells. As the 
submucous layer passes down the esophagus and into the stomach, it 





478 ARCHIVES OF INTERNAL MEDICINE 


gradually becomes more dense, but there is no sudden change or bri 
at the cardia. The submucosa contains many more and larger vessels 


than are present in the mucosa. It contains also Meissner’s submucous 


plexus, the strands of which are sparse and greatly attenuated in the 
region of the cardia and are difficult to demonstrate. I have never seen 
ganglion cells in the submucous plexus of the human esophagus. 
Greving * also failed to find them, and Koslowski® apparently demon- 
strated that they do not occur in the submucous plexus of the esophagus 
of the cat or rabbit. 

External to the submucosa is the circular muscle, arranged in bundles, 
with an inner and an outer sheath of connective tissue. Outside this lies 
the intermuscular septum, which contains the myenteric (Auerbach) 
plexus, in addition to a network of blood vessels. In the esophagus the 
intermuscular septum is a thick layer of connective tissue, and the same 
is true for the cardia. In the middle of the lesser curvature of the 
stomach, however, the intermuscular septum is greatly thinned; and 
when the small intestine is reached, there is no longer any intermuscular 
septum, and the ganglions of the myenteric plexus lie naked between 
the two muscular layers. 

External to the intermuscular septum lies the longitudinal muscle. 
This muscle is ordinarily about half the thickness of the circular 
muscle and like it is arranged in bundles. These bundles are densely 
packed in the adult, but in the new-born infant the bundles may be 
sufficiently separated so that single longitudinal sections may give the 
impression of “breaks” in the longitudinal muscle. In the stomach 
below the cardia the layer of longitudinal muscle gradually becomes 
thinner. 

In the human being the muscle at the cardia is all smooth muscle. 
Though occasional instances have been described in which striated 
muscle fibers have extended down this far (as by Arey and Tremaine °), 
I have never seen anything but smooth muscle in the region of the 
cardia. In the adventitia, of course, strands of striated muscle, which 
extend from the diaphragm, are frequently present. 

The adventitia in the region of the cardia contains much loose 
acellular connective tissue, with coarse longitudinal elastic fibers and 
large nerve trunks. The larger blood and lymph vessels course in this 
layer. 

MUSCULARIS PROPRIA 
3ecause of the vast practical importance of the clinical phenomenon 
of cardiospasm, the anatomic aspect of the cardia which arouses most 


5. Koslowski, quoted by Kuntz.*4 
6. Arey, L. B., and Tremaine, M. J.: The Muscle Content of the Lower 
Esophagus of Man, Anat. Rec. 56:315-320 (July 25) 1933. 
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eral interest is the question of a sphincter muscle in this situation; 
it is by no means established that the condition which may be termed 
opathic dilatation of the esophagus is actually the result of spasm at 
the cardia. Spasm of the diaphragm, pressure by the liver, pressure 
by the “tips” of the lungs, paralysis of the esophagus, failure of the 
reflex relaxation of the cardia, fibrosis of the terminal portion of the 


esophagus and torsion of the esophagus are other causes which are used 


} explain this malady. Even the site of obstruction in cardiospasm is 
not agreed on. Carman said that it is generally at the diaphragmatic 
orifice, while Alvarez asserted that it is 2 cm. lower, at the cardia. 

Some enlightenment on this confusion of theories might be expected 
if a satisfactory answer could be obtained to the question whether or 


not the cardia has a sphincter to “go into spasm.” This might seem 
to be the simplest of straightforward anatomic problems, but the inves- 
tigators are hopelessly at odds about it. Hurst,* Thieding,® Schreiber,’® 
Bennett, Cannon ?* and Todd** asserted that there is an anatomic 
sphincter at the cardia. Zaaijer,’* Fleiner,’® Jackson *® and Plenk *” 
denied the existence of such a sphincter. Abel *® asserted that there is 
a sphincter but said that the sphincter is not at the cardia but 1 inch 
above, at the diaphragmatic orifice. Mosher at one time asserted that 
the sphincter is “a definite and satisfying structure” and at a later date 
stated that it does not exist; and this sic et non could be continued 


‘ 


almost indefinitely. 
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clinique, Arch. d. mal. de l’app. digestif 15:1-34 (Jan.) 1925. 

9. Thieding, Friedrich: Ueber Cardiospasmus, Atonie und “idiopathische” 
Dilatation der Speiserdhre, Beitr. z. klin. Chir. 121:237-300, 1921. 

10. Schreiber, quoted by Sturtevant.‘ 

11. Bennett, T. I.: The Stomach and Upper Alimentary Canal in Health and 
Disease, London, William Heinemann, 1925. 

12. Cannon, W. B.: The Mechanical Factors of Digestion, London, Edward 
Arnold & Co., 1911. 

13. Todd, T. W.: The Clinical Anatomy of the Gastro-Intestinal Tract, Lon- 
don, Longmans, Green & Co., 1915. 

14. Zaaijer, J. H.: Cardiospasm in the Aged, Ann. Surg. 77:615-617 (May) 
1923, 

15. Fleiner, W.: Neue Beitrage zur Pathologie der Speiserdhre, Miinchen. 
med. Wchnschr. 47:529-531 (April 17) 1900. 

16. Jackson, Chevalier: Bronchoscopy and Esophagoscopy, ed. 2, Philadelphia, 
W. B. Saunders Company, 1927. 

17. Plenk, H.: Der Magen, in MOéllendorff, Wilhelm: Handbuch der mikro- 
skopischen Anatomie des Menschen, Berlin, Julius Springer, 1927, vol. 5, pt. 2, 
pp. 1-234, 

18. Abel, A. L.: Ocsophageal Obstruction: Its Pathology, Diagnosis and 
lreatment, London, Humphrey Mulford, 1929. 











480 ARCHIVES OF INTERNAL MEDICINE 


On analysis, however, this conflict of opinion is not as disturb 
as might be expected. The proponents of the sphincter in gene: 
( Abel,!® Mosher,’® and Hurst, for example) did not attempt to def. 
their opinions with minute dissections or serial reconstructions. 1 
were content to present the photographs of one or two specimens oj 
stomach and esophagus which showed a puckering and muscular thick- 
ening at the point of juncture. Abel,’® in particular, said that the 
sphincter can be satisfactorily demonstrated only by the injection o{ 
from 6 to 8 quarts (6 to 8 liters) of solution of formaldehyde into 
the arteries immediately after death. The error of this method wil 
be apparent at once to any one familiar with the appearance of embalmed 
organs. In subjects embalmed soon after death there frequently are 
rings of constriction and muscular thickening every few feet along the 
whole length of the gastro-intestinal tract. According to the anatomic 
technic under consideration, the points at which the intestine was fixed 
in a state of contraction must all be interpreted as sphincters. 

The question of a physiologic sphincter at the cardia is not of con- 
cern here. There are three morphologic details, however, which may 
be expected if an anatomic sphincter exists at the cardia: first, a distinct 
band of circular muscle marked off from the adjoining muscle by con- 
nective tissue septums; second, an associated dilator muscle formed by 
the dipping into the circular muscle of longitudinal fibers, and, third, 
local thickening of the circular muscle which persists after the factor of 
local spasm has been eliminated. 

More than one hundred and fifty human cardias were examined 
microscopically with multiple sections and stains. These specimens coy- 
ered the whole range from fetal life to advanced senility. In none of the 
specimens was there seen any special band of circular muscle separated 
by partitions of connective tissue. In contrast to what Horton observed 
at the pylorus, both circular and longitudinal muscles appear to be 
absolutely continuous from the esophagus into the stomach. The circular 
muscular fibers, it is true, are arranged in anastomosing bundles with 
connective tissue septums, which is the usual structure in the human 
gastro-intestinal canal. No septum at the cardia, however, is any larger 
or more clearly defined than are the others. 

Dilator muscles are so generally seen in association with sphincters 
that the presence of a dilator muscle may be regarded as evidence in 
favor of the existence of a sphincter. At the pylorus, for example, as 
Horton *° and others have demonstrated, many of the longitudinal fibers 
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dip in and become buried in the circular muscle to form a dilator of 
the pyloric canal. In none of the specimens examined was this observed 
at the cardia. It must be mentioned, however, that in many fetal cardias 
spall isolated strands of smooth muscle from the longitudinal layer were 
observed to curve in and to be inserted on the connective tissue septum 
of the inner circular layer. Serial sections revealed that these micro- 
scopic pictures represented only aberrant filaments and were not part 
of a cuff of dilator fibers which extends around the cardia. 

In general, the cardias which I examined at necropsy did not reveal 
any localized muscular thickening. Occasionally, however, particularly 
in embalmed specimens, the cardia was observed to be puckered and 
in a state of contraction, and a diffuse ring of thickened muscle was 
noted at the orifice of the stomach or at the level of the diaphragm or 
sometimes involving both sites. In order to eliminate the factor of 
spasm, five fresh unopened specimens of cardia were fixed in solution 
of formaldehyde with a small test tube inserted through the cardiac 
orifice and into the lower part of the esophagus to produce uniform 
dilatation. These specimens were then opened anteriorly and examined 
both grossly and by microscopic sections obtained from the anterior 
and posterior surfaces and from the right and left sides of the cardiac 
orifice. In no case was there any localized muscular. thickening which 


resembled a sphincter muscle. 


I am forced to conclude, therefore, that in the human being there is 
* 


no morphologic evidence of a sphincter muscle at the cardia. Moreover, 
the evidence from comparative anatomy would not lead one to expect 
an anatomic sphincter at this point. Gross and microscopic examina- 
tions were made of the juncture of the esophagus and stomach of the 
fish, salamander, frog, snake, pigeon, hog, calf, rat, mouse, rabbit, 
guinea-pig, dog, cat and monkey. Only in the group of rodents was 
localized muscular thickening noted which might be looked on as a 
cardiac sphincter. In the rat, mouse and guinea-pig this was associated 
with a reduplication of the mucosa, which apparently functions as a valve 
to prevent regurgitation from the stomach. 

Despite the absence of a sphincter, there is one respect in which 
the circular fibers at the cardia differ from those in the remainder of the 
esophagus. This concerns the relationship of the circular fibers to the 
oblique muscle of the stomach. 

In order to reveal by dissection the full extent of the oblique muscle, 
five unopened specimens of stomach and esophagus were turned inside 
out. The mucosa was stripped from the surface, and the submucous 
connective tissue was completely removed by dissection, which exposed 
the oblique muscle. 

The oblique muscle is to be regarded as a special group of inner 
fibers of the circular muscle of the stomach. It does not form a com- 
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plete layer in the stomach. On the contrary, it is a U-shaped band, ¢ 
curve of the U being the loop which passes over the cardiac incis1 
and the arms of the U being two strands which extend down the lesse: 
curvature on either side of the magenstrasse. The dissections reveal 
that the oblique fibers loop up into the esophagus for as much as 1 cn 
and blend with the circular muscle on the left aspect of the card 
(fig. 3.4). At this point the circular and oblique muscles have approxi 
mately the same direction and merge sufficiently so that they usually are 
not readily distinguished in microscopic sections. M’Swiney *' has 
observed the same picture in lower animals. What practical significance 
these facts may have I cannot say. The possibility, however, that over- 
action of the oblique muscle may exert a pinchcock action on the cardiac 
orifice seems deserving of consideration in connection with the study of 
cardiospasm. 
THE ELASTIC TISSUE OF THE CARDIA 

The elastic tissue of the human esophagus has been carefully 
described by Schumacher.** He did not consider, however, the question 
of what modifications take place at the cardia. The arrangement of the 
elastic tissue in the stomach has been summarized by Plenk ** largely 
from the studies of Schtitz.** The work of Schiitz on the elastic tissue 
of the stomach is* regarded as the most authoritative, although Schiitz 
based his conclusions on a study of only two stomachs. Schtitz seems 
to have been the only writer to give much attention to the question of 
the variations in the elastic tissue of different parts of the stomach. He 
said that in the region of the pylorus the submucosa is richer in elastic 
fibers than it is elsewhere, while in the region of the cardia there is 
an increase in the elastic tissue in the sheaths of the muscularis propria. 
His expression Cardiaregion, however, is not sufficiently definite to 
answer the question of what happens at the cardiac orifice. 

The work of Mosher and McGregor ** in 1928 reopened the ques- 
tion of the arrangement of the elastic tissue around the cardia and 
raised the question of its clinical significance. These authors said that 


21. M’Swiney, B. A.: The Structure and Movements of the Cardia, Quart 
J. Exper. Physiol. 19:237-241, 1929. 

22. Schumacher, S.: Die Speiseréhre, in Mollendorff, W.: Handbuch der 
mikroskopischen Anatomie des Menschen, Berlin, Julius Springer, 1927, vol. 5, 
pt. 1, pp. 301-336. 

23. Schiitz, Emil: Zur Kenntnis des elastischen Gewebes des Magens, Arch 
f. Verdauungskr. 13:49-58, 1907; Beitrage zur Histologie des menschlichen 
Magens, ibid. 14:241-250, 1908. 

24. Mosher, H. P., and McGregor, G. W.: (a) A Study of the Lower End 
of the Esophagus, Tr. Am. Laryng., Rhin. & Otol. Soc. 34:294-340, 1928; (b) A 
Study of the Lower End of the Esophagus, Ann. Otol., Rhin. & Laryng. 37: 12-70 
(March) 1928. 
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Fig. 3.—A, side view of a dissected stomach, showing an arm of the oblique 
muscle as it extends along one side of the lesser curvature and then loops around 
the terminal portion of the esophagus to join its fellow of the opposite side. B, 
cross-section showing the injection mixture passing underneath the cardia in the 
submucosa (X 12). 
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the elastic tissue of the esophagus is “most abundant in the submuc: 
although a certain amount is scattered between the bundles of the tw. 
main muscles. The elastic tissue is greatest in amount at the lower e: 
of the esophagus.” This is true “even in the disorganized esophagu: 
of cardiospasm” and also in the dog. “The terminal portion of th: 
resting esophagus is closed . . . The deep vertical pleats and 
abundant elastic tissue which is present at this point are the main factor 
in bringing this about.” This statement that the elastic tissue function 
in the closure of the cardia was made also by Stohr.*° He noted a 
increase in the amount of elastic tissue, however, in the muscular instead 
of the submucous layer at the cardia. 

The issue here raised is of considerable importance. If, as the 
reports of these authors imply, the closure of the lower end of the 
esophagus and the cardiac orifice is a passive process caused by elastic 
tissue and if the opening of the cardiac orifice is the active process, the 
basic physiologic notions in terms of which writers have tried to explain 
cardiospasm will need to be radically revised. 

In order to throw light on this problem, both longitudinal and 
transverse sections were taken from the middle portion of the esophagus, 
cardia, lesser curvature of the stomach and jejunum of five patients 
examined at necropsy. These specimens were stained with either the 


Weigert stain for elastic tissue or the Gribler stain for elastin and were 


examined microscopically. 

The observations may be summarized as follows: At the cardia the 
elastic tissue is essentially the same in amount and arrangement as it is 
at the middle portion of the esophagus, with one exception, which will 
be noted presently. The mucosa superficial to the muscularis contains 
a few fine elastic fibers, which in the adult tend to form sheaths around 
the cardiac glands. Numerous coarser fibers, longitudinal in direction, 
are present between the strands of the muscularis mucosae. In the 
submucosa the elastic fibers, also longitudinal in direction, are more 
numerous than they are in the mucosa. The bulk of the elastic tissue, 
however, occurs in sheaths of the muscularis propria. There is an inner 
sheath between the circular muscle and the submucosa, an intermuscular 
sheath which splits to surround the ganglions of the myenteric plexus 
and a ragged and irregular adventitial sheath. The general direction of 
these sheaths is longitudinal, although numerous circular fibers are noted 
in connection with the inner circular muscle, and numerous radial 
strands connect the three layers. The adventitia of the cardia differs 
from that of the middle portions of the esophagus in that many more 


25. Stohr, Philipp: Lehrbuch der Histologie und der mikroskopischen Ana- 
tomie des Menschen mit Einschluss der mikroskopischen Technik, Jena, Gustav 
Fischer, 1919. 
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coarse longitudinal fibers are present in the former. The amount 
elastic tissue gradually diminishes as sections from the esophagus to 
the jejunum are examined. 

[ have been unable to confirm the assertion of Mosher and McGregor 
that the submucosa of the cardia contains an exceptionally large amount 
of elastic tissue which functions in the closure of the cardia. Only in 


1 


the adventitia of the cardia did I observe more elastic tissue than is 


present in similar sections from the middle portion of the esophagus 


fhe adventitial fibers are longitudinal in direction; hence, they pre- 


sumably do not have a constrictor action on the cardia. 


LYMPHATIC DRAINAGE 

My study of the lymphatic drainage at the cardia will be presented 
in abstract only. The continuity of the submucous space at the cardia 
was investigated by the method of Horton. In fifteen human specimens 

dye and gelatin mixture was injected into the submucosa of the 
esophagus or of the stomach in the region of the cardia. In contrast 
to what Horton *° observed at the pylorus, no submucous block was seen 
at this orifice of the stomach. The injection mixture passed freely 
in the submucosa, both from the stomach into the esophagus and from 
the esophagus into the stomach (fig. 3 B). 

The lymphatic drainage of the cardia of the living cat was studied 
by injecting blebs of india ink into the submucosa of the terminal 
portion of the esophagus and by examining the viscera after intervals 
of from a half hour to two hours. In all cases drainage was found to 
occur through the adventitial lymph vessels to one or two lymph nodes 
at the bifurcation of the trachea and to one or two lymph nodes along 
the lesser curvature of the stomach. No trace of ink was seen in any 
other lymph node. 

ARTERIAL ANASTOMOSIS 

On account of the clinical importance of the esophageal varices whicl 
form in cases of portal obstruction, the venous anastomoses across the 
cardia have long received attention. Recently, Kegaries ' made a careful 
anatomic investigation of this subject, and his work called attention to 
the variability in the amount of venous anastomosis across the cardia 


] 


and to the richness of the submucous plexus of the esophagus. His 


26. Horton, B. T.: Pyloric Musculature with Special Reference to the Pyloric 
Block, Am. J. Anat. 41:197-225, 1928; A Study of the Pyloric Block with Special 
Reference to Musculature, Myenteric Plexus and Lymphatics, Thesis, University 
of Minnesota Medical School, 1930; Tr. A. Resid. & ex-Resid. Physicians, Mayo 
Clin. 10:152, 1930; Pyloric Block with Special Reference to the Musculature, 
Myenteric Plexus and Lymphatic Vessels, Arch. Surg. 22:438-462 (March) 1931; 


tnote 20. 
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injections showed a band of parallel nonanastomosing veins which \ 


nect the submucous venous network of the stomach with that of 


esophagus. 

Compared with the venous anastomoses, the arterial connecti 
across the cardia have received little attention. Demel,?? it is true, mac 
a careful investigation of the arterial supply of the esophagus in 1924, 
Two features of his work, however, made me wish to obtain further 
enlightenment. First, his method of pumping injection mixture into 
the aorta and, hence, of injecting the mixture simultaneously into all th: 
arteries which supply the esophagus is not one that outlines sharply 
the region supplied by any individual artery or that facilitates a com- 
parison of the varying regions supplied in different specimens. Second, 
he said that the “fourth part of the esophagus reaches from the 
diaphragm to the cardia and is from 3 to 6 cm. long.” In my specimens, 
however, the length of the esophagus below the diaphragm was gen- 
erally about 2 cm., which is the figure usually given in the textbooks. 
The larger figure given by Demel ** suggested that the “abdominal por- 
tion of the esophagus,” as defined by its blood supply, may extend 
considerably farther than the actual subdiaphragmatic segment of the 
esophagus—a consideration of some importance if true. 

My problem was to determine the extent of the arterial connections 
across the cardia which come from the gastric vessels. 

The method employed was that of injecting a radiopaque medium 
into the left gastric artery. Roentgenograms were made of the arterial 
tree thus outlined (fig. 4), and dissections were made to determine 
precisely the position and connections of each vessel revealed in the 
roentgenograms. Ten human specimens were employed. Great care 
was taken to eliminate such disturbing factors as the plugging of arteries 
by blood clots or the presence of pressure or kinking in the region of the 
cardia. 

The most striking single fact demonstrated in the ten specimens was 
the extreme variability of the arterial connections from the stomach 
into the esophagus. In some cases the mixture was injected into the 
esophageal vessels for as far as 10 cm. above the diaphragm. In such 
cases it is important to note that the esophagus is as richly supplied with 
vessels as is a similar portion of adjoining stomach. In other cases the 
mixture stopped abruptly at the cardia, even when the uniform injection 
of mixture into the stomach indicated that the arterial system was free 
from blood clots. Most frequently, however, a single branch or a few 
branches pass from the gastric arteries to supply limited portions of the 


27. Demel, Rudolf: Die Gefassversorgung der Speiserdhre: Ein Beitrag zur 
Oesophaguschirurgie, Arch. f. klin. Chir. 128:453-504, 1924. 
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esophagus—not predominantly the right posterior aspect of the esoph- 
agus, as Demel ** has alleged, but portions which vary greatly in size, 
shape and position. 

\ll the branches of gastric arteries which supply any large portion 
of the esophagus ascend in the adventitia. The most frequent arrange- 
ment is for one large vessel or group of vessels to ascend on the posterior 
surface of the esophagus and for another vessel or group of vessels to 
ascend on the anterior surface. These arteries anastomose freely with 
each other and usually also with the lowest esophageal arteries, which 
arise from the aorta and which are most frequently seen about 12 cm. 
above the cardia. I did not make roentgenograms of the diaphragm, but 
as far as gross dissection could reveal, connection with the diaphrag- 
matic arteries appeared small and infrequent. 


Fig. 4—Roentgenograms of the arteries of two stomachs, showing the striking 
difference in the extent of the anastomoses in the lower portion of the esophagus. 


The adventitial arteries give off three types of branches: The first 
type consists of sparse branches which supply the adventitia itself. The 
second type consists of the numerous but tiny branches which supply the 
esophageal muscles. These branches generally penetrate to the inter- 
muscular septum and then break up into tiny twigs. The arterial 
branches which penetrate to the intermuscular septum doubtless com- 
municate with each other and with the arterioles in the intermuscular 
septum of the stomach, but the anastomoses are so small that I could 
not demonstrate them in my dissections. The third type of branches of 


the adventitial arteries consists of relatively large trunks which penetrate 


through the muscular layer at intervals of about 2 cm. and enter the 
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submucosa. In the submucosa they break up into a fine network of 
anastomoses which resemble the venules of a leaf. At the cardia 1 
network communicates freely with the submucous plexus of the stomach 
There is no band of straight nonanastomosing vessels connecting the two 
networks across the cardia, such as Kegaries has observed in the venous 
anastomosis. On the contrary, the same architecture is observed in th 
network which crosses the cardia as in the adjoining esophagus and 
stomach. It is important to note, however, that the anastomoses in the 
submucosa are fine and hairlike and incapable of carrying the injection 
mixture more than a couple of centimeters up the esophagus if the 
adventitial arteries are occluded. 


NERVES (MYENTERIC PLEXUS) 

If there is no sphincter or muscular discontinuity at the cardia 
explain the functional changes which occur at this point, one must look 
for their explanation in the nervous mechanisms of the cardia. Even 
if the controversial phenomenon of clinical cardiospasm is left out of 
consideration, it must be recognized that the cardia is the site of impor- 
tant changes in function that distinguish this region not only from the 
adjoining stomach but also from the portions of the esophagus which 
lie above it. First, there is the action as a physiologic sphincter. Second, 
there is the phenomenon of experimental spasm of the circular muscle 
at the cardia (not necessarily identical with clinical cardiospasm ), which 
may be produced by cutting the vagi or reflexly by stimulating various 
abdominal viscera, as Carlson, Boyd, Pearcy and Luckhardt,** Scrim- 
and others have demonstrated. Third, although Alvarez *° stated 
the opinion that the peristaltic waves of swallowing may pass across th« 


rar 29 
ger, 


cardia and continue as peristaltic waves of the stomach, it is obvious 
that there is a discontinuity at the cardia between the rapid and volun- 
tarily initiated waves of swallowing and the slower and rhythmic move- 
ments of the stomach. 

The myenteric plexus (Auerbach’s plexus) is a network of nerve 
fibers, mostly unmyelinated, which lies between the inner circular and 


outer longitudinal muscular layers of the enteric canal and which 


28. Carlson, A. J., and Luckhardt, A. B.: Studies on the Visceral Sensor) 
Nervous System: X. The Vagus Control of the Esophagus, Am. J. Physiol. 57: 
299-335 (Sept.) 1921. Carlson, A. J.; Boyd, T. E., and Pearcy, J. F.: Studies 
on the Visceral Sensory Nervous System: XIII. The Innervation of the Cardia 
and the Lower End of the Esophagus in Mammals, ibid. 61:14-41 (June) 1922: 
XIV. The Reflex Control of the Cardia and the Lower Esophagus in Mammals 
Arch. Int. Med. 30:409-433 (Oct.) 1922. 

29. Scrimger, F. A. C.: Idiopathic Dilatation of the Oesophagus, Ann. Surg 
94:801-817 (Nov.) 1931. 

30. Alvarez, W. C.: Personal communication to the author. 





LENDRUM—CARDIAC ORIFICE OF STOMACH 


‘tends from the upper portion of the esophagus to the terminal portion 
if the rectum. This plexus is uniformly distributed on all sides of the 
ulimentary canal. At the nodal points of the network, ganglions occur. 
Krishnan ** and others have demonstrated that the myenteric plexus 
functions to control or at least to coordinate the movements of the 
castro-intestinal tract. 

The myenteric plexus presents the same appearance at the cardia as 

does throughout the lower two thirds of the esophagus. It is cut 
bout once a millimeter in microscopic sections passing through the 
intermuscular septum. It is a less conspicuous structure at the cardia 
than it is in the small intestine, because it is surrounded by connective 
tissue instead of lying naked between the muscular layers. The gang- 
lions are made up of nerve fibers, ganglion cells and sustentacular cells. 
[ have tried a wide variety of special stains but have not found any 
that can approach the ordinary Van Gieson stain in rendering the gang- 
lion cells easily visible so that the cells can be counted. 

Ganglion cells appear in variable numbers in the ganglions at the 
cardia; occasionally, a favorable section may show as many as ten cells 
in one ganglion. They are roughly oval, with the long axis parallel to 
the long axis of the esophagus. When stained with the Van Gieson 
stain they present a striking appearance. They are far larger than any 
other cells which may be seen in this region. The cytoplasm, which 
stains a dark brownish gray, is equally distinctive. The large, clear 
nuclei, each with a large nucleolus, are also specific. Finally, each 
ganglion cell is surrounded by a capsule of sustentacular cells. The 


latter, which have numerous other names, are apparently insulating 


cells which correspond to the cells of the sheath of Schwann and the 
oligodendroglia cells in the peripheral nerves and the central nervous 
system, respectively. 

Dogiel ** described two types of ganglion cells in the myenteric 
plexus, the distinction resting chiefly on the differences in the dendrites, 
as revealed by the vital methylene blue stain. He said that one type 
represents ganglion cells of the sympathetic system and that the other 
type represents ganglion cells of the vagus nerve. The evidence on the 
subject has been critically evaluated by Gaskell ** and more recently by 
Kuntz.** The weight of authority favors the view that all the ganglion 

31. Krishnan, B. T.: Studies on the Function of the Intestinal Musculature: 
Are Intestinal Movements Neurogenic or Myogenic? Quart. J. Exper. Physiol 
22:361-368 (June) 1933. 

32. Dogiel, A. S., quoted by Gaskell.%* 

33. Gaskell, W. H.: The Involuntary Nervous System, London, Longmans, 
Green & Co., 1916. 

34. Kuntz, Albert: The Autonomic Nervous System, Philadelphia, Lea & 
Febiger, 1929. 
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cells of the myenteric plexus in the esophagus, cardia and stoma 


represent terminal ganglion cells of the vagus nerve. Synipathetic fib: 

are not present in the esophagus, except in the last few centimete: 
above the cardia. Here, they mingle with the fibers of the myenteri: 
plexus but pass through the ganglions without synapse. There is certain 
physiologic evidence which indicates the presence of independent local 
reflex arcs in the wall of the intestine, which are mediated by the 


myenteric plexus. The anatomic evidence is all against such a view, 
however.*® 

The question of the continuity of this nervous network from the 
esophagus into the stomach has a good deal of physiologic significance, 
yet I have found that only two authors have investigated the subject. 
One was Irwin,** who used the vital methylene blue technic; who 
reported that in the guinea-pig he had traced some nerve fibers from 
the esophagus to ganglions in the stomach. The second author was Sir 
Arthur Keith. After discovering in the heart the node which now bears 
his name—the sino-auricular node—Keith *’ began to find similar nodes 
almost everywhere. He has described several of them situated at stra- 
tegic points in the gastro-intestinal tract. Among other places he claimed 
to have found a “definite development of neuromuscular junctural 
tissue” at the cardia. No other anatomist has confirmed Keith’s work. 
His illustrations look to me like those of an ordinary myenteric plexus. 
None of my sections of the cardia showed any structure that could be 
interpreted as neuromuscular junctural tissue. One can hardly escape 
feeling that the junctural node at the cardia belongs in the same category 
as the unicorn and the basilisk. 

As will be demonstrated in a later section of this paper, lesions of 
the myenteric plexus are an important subject in relation to the patho- 
genesis of cardiospasm. The lesions are ordinarily described in terms 
of numerical loss of ganglion cells as seen in microscopic sections of 
the myenteric plexus. It is accordingly important to establish a norm 
for the number of ganglion cells appearing in a standard microscopic 
section. But before this is done, it is necessary to point out that if the 

35. Alvarez, W. C.: The Mechanics of the Digestive Tract: An Introduction 
to Gastroenterology, New York, Paul B. Hoeber, Inc., 1928. 

36. Irwin, D. A.: The Anatomy of Auerbach’s Plexus, Am. J. Anat, 49:141- 
166 (Sept.) 1931. 

37. Keith, Arthur: An Account of Six Specimens of the Great Bowel Removed 
by Operation, with Some Observations on the Motor Mechanism of the Colon, 
Brit. J. Surg. 2:577-599, 1915; A New Theory of Enterostasis, Lancet 2:371-375 
(Aug. 21) 1915; Discussion on the Interpretation of Certain X-Ray Signs of 
Intestinal Stasis, Proc. Roy. Soc. Med. (Electrotherap. Sect.) 9:1-11, 1916; The 
Great Bowel, from an Anatomist’s Point of View, in Lane, W. A.: The Opera- 
tive Treatment of Chronic Intestinal Stasis, ed. 4, London, Hodder & Stoughton, 
1918, pp. 202-217. 
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vanglion cells of the myenteric plexus, like those elsewhere in the body, 


do not increase in number after birth, then the esophagus in the adult 
can contain no more ganglion cells than the esophagus of the new-born 


nfant. This same number of ganglion cells, moreover, is distributed 
a 


over a longer and wider esophagus in the adult, and fewer cells can 
be expected to appear in a microscopic section of given dimensions. 
Furthermore, in the dilated esophagus in a case of cardiospasm the 
mean distance between ganglion cells must be still further increased, 
and even without any destruction of ganglion cells one must expect the 
number of cells in any microscopic section to be greatly reduced. 

In order to determine the normal number of ganglion cells to be 
expected in a microscopic section at the cardia, counts were made on 
two hundred segments of the myenteric plexus appearing in sections of 
the cardias of fifty-eight adults. In all cases the cardia appeared grossly 
and microscopically normal. The fifty-eight persons included forty-one 
men and seventeen women. The range in age for the men was from 
22 to 87 years, with an average age of 56.85 years. The range in age 
for the women was from 18 to 78 years, with an average age of 48.17 
years. In these fifty-eight cases eighty-nine blocks of tissue were taken. 
One hundred and thirty-nine sections were made. The sections were 
8 microns thick and were cut in a longitudinal direction, perpendicular to 
the surface. The sections were mostly stained by the Van Gieson 
method. According to the length of the section, one or two segments, 
which were 1 cm. in length, were measured along the myenteric plexus 
and marked on the cover glass, and the number of ganglion cells 
present in such segments was counted with the aid of a microscope. 
It will be understood that not every ganglion cell was cut squarely 
through the center in such a way as to reveal all its characteristic fea- 
tures. Only such structures were counted as ganglion cells, however, 
as were sufficiently intact to be identified unquestionably as such. 
Twelve hundred and fifty ganglion cells were counted in 200 segments, 
which were 1 cm. long. The results are presented in table 1. The 
curve that shows the frequency of these cells has an interesting skew 
shape (fig. 5). The wide range of the various counts and the large 
probable error emphasize the necessity for making multiple counts of 
cells before concluding that the number of ganglion cells is abnormal 
in cardiospasm or in any other condition. 

The range of values found when multiple counts were made with 
sections from a single cardia confirms these conclusions. A comparison 
of the number of ganglion cells in specimens obtained from a small 
group of young adults with the number of ganglion cells in specimens 
obtained from a similar group of aged adults suggested that there may 
be some loss of ganglion cells with advancing years. 
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CARDIOSPASM 


Some of the anatomic features of the normal cardia have alrea 
been described. It is now my intention to apply these norms to { 
study of specimens from patients with cardiospasm. It is my purpose 


TaBLe 1.—Data on the Number of Ganglion Cells in Centimeter Seqments 
Myenteric Plexus at the Cardia * 














Number of Number of Number of Number of 
Ganglion Cells Times Observed Ganglion Cells Times Obsery 
Dusiteavae. < = 24 5 
ee ; ‘ 19 4 
_ eee : ‘ 18 1 
Bie is oi 16 1 
Detesas 16 l 
iggekoaewes ae 4). .° Pea ivase wea ceren ] 
a ll 1 
Deshenes 12 0 
ite bicep ae or 10 0 
| 8 0 
Se e 6 0 
ieee 9 0 
13.. 4 l 
14.. 4 0 
DAstuenenvaubewensseue 2 





* Segments counted, 200; ganglion cells counted, 1,250; mean number of ganglion cells { 
segment, 6.25; mode, 0; standard deviation, +5,48; probable error, +3.69 


=< viet 7 - + i } 











oe oe | fal L 
2345 676 9 0 0 i 15 14 15 16 17 B 19 20 21 22 25 2 25 &H 27 2 
Number of ganglion cells 





Oem NUDAYOD ACOH 
T T 


Fig. 5.—Graph showing the frequency of ganglion cells in segments of 
myenteric plexus 1 cm. in length. 


to lay aside clinical preconceptions as to the nature of cardiospasm and 
to study the available material simply as examples of a chronically 
dilated esophagus without evident organic obstruction. Even the report 
of clinical histories will be reduced to the minimum of facts, such as 
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the duration of symptoms, operative treatment and coincidence with the 
onset of some acute infectious disease, which are directly pertinent to 
the interpretation of the anatomic findings. 

Hurst recently has pushed the history of cardiospasm back a century 
nd a half by calling attention to a remarkable case recounted in 1672 

Thomas Willis ** in his “Pharmaceutice rationalis.” Willis not only 
divined the true nature of the condition but even treated it successfully 
vith dilation. The honor of describing the first case of idiopathic 
dilatation of the esophagus, however, is usually attributed to Purton *° 
in 1821. Hannay *® (1833) is generally credited with the second case, 
although Herbert Mayo ** performed a necropsy in one case in 1829. 
Zenker #2 and von Ziemssen were the first to recognize the condition 
as a clinical syndrome (in 1876). They collected reports of seventeen 
cases from the literature and applied to the disease the name simple 
ectasia of the esophagus. Following this numerous cases were reported, 
chiefly from Germany, but it remained for Plummer ** and his associates 
to appreciate the great clinical importance of cardiospasm and to dis- 
cover highly accurate methods of diagnosis and a satisfactory procedure 
of treatment. The literature on cardiospasm was reviewed in German 
in 1921 by Thieding ® and in English in 1933 by Sturtevant.** 

In 1882 von Mikulicz *° coined the catchy but question-begging term 
cardiospasm. This name is as unfortunate as would have been the 
designation anospasm for Hirschsprung’s disease, because the view that 
hronic dilatation of the esophagus results from a spasm of the cir- 
cular muscle at the cardia is by no means universally accepted. For 
example, Bassler ** has said that what is called cardiospasm is in reality 


a constriction of the lower end of the esophagus by the crura of the 
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diaphragm. Chevalier Jackson ** and others have further developed 1 
theory and have suggested that this clinical syndrome be term 
phrenospasm. Zenker,** Rosenheim,** Bier *® and Sternberg,®® howevc: 
have asserted that in cardiospasm the cardia is no more firmly clo 
than it normally is but that the failure is the result of paralysis of t! 
esophagus, so that the function of forcing food through the cardia 


orifice is not exercised. Hurst stated that the “law of the intestin 
applies at least to the cardiac end of the esophagus and gave as his 
opinion that so-called cardiospasm is really a failure of the normal reflex 
relaxation of the cardia in swallowing. Accordingly, he applied to th 
condition the term achalasia of the cardia. Mosher has entertained a 
various times the theories that the obstruction to swallowing is caused 
by pressure on the esophagus by the tips of the lungs, by compression by 
the “liver tunnel,” * by kinking and torsion of a redundant esophagus 
and by fibrosis of the periesophageal connective tissue.** 

The study of cardiospasm is handicapped by something which 
impedes the study of few diseases, namely, the extraordinary effective- 
ness of the methods available for treatment. Despite the frequency oi 
the condition, so few persons die of cardiospasm at the various medical 
centers that I have found no reports of necropsy which comprise more 
than thirteen cases. 

Some evidence has accumulated, however, to support the view that 
cardiospasm is associated with definite lesions of nerves. Cameron ™ 
has reported lesions of Auerbach’s plexus in seven cases of cardiospasm 
in children. Heyrovsky ** noted vagus neuritis at necropsy in cases of 
cardiospasm, and Loeper and Forestier °° have reported recurrent spasm 
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the cardia in carcinoma of the stomach that was complicated by 

‘ending invasion of the vagus by tumor cells. Kraus and Pollitzer 

30 have reported lesions of the vagus nerve in cardiospasm. Finally, 
liurst and Rake,®* Stokes,®® Rake,®°® Cameron,** Beattie ®** and Mosher 
ind McGregor have reported a loss of ganglion cells in the myenteric 
plexus in cases of cardiospasm. Whether this is primary or secondary 
is a controversial point. Mosher, who already has an excess of theories 
with which to explain cardiospasm, stated that he was inclined to think 
that the loss of ganglion cells is secondary to the pressure which the 
distended esophagus suffers. He quoted Cannon to show that the 
ganglion cells of the myenteric plexus are highly susceptible to pressure 
anemia. Hurst, on the other hand, concluded that “achalasia of the 
cardia,” as he termed the condition, is primarily an organic disease of 
\uerbach’s plexus. 

Cardiospasm is frequently associated with diverticulum of the 
esophagus. Sturtevant listed Vinson,*? Fitzgibbon,®* Bull,®* Dufour,®® 
Van den Wildenberg °° 
currence. The association of cardiospasm with asthma has been noted 


and Freud * as reporting cases of this con- 


8 ) 


by Scollery,°* von Bergmann * and Lindvall.*° The condition most 
commonly found in association with cardiospasm, however, is peptic 
ulcer. Heyrovsky ** and many others have commented on this fact. 
Syphilis is not often found in conjunction with cardiospasm, and in none 


of the following cases was syphilis present. 


REPORT OF CASES 
The specimens in the following thirteen cases were examined grossly, 
and from twenty-five to one hundred sections of each specimen after- 
ward were studied microscopically. Each case will be described briefly, 
and then the findings for the whole group will be summarized. 
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CAsE 1—A man aged 53 had suffered from salivation and progressive dysphag 
for five years before he came to the Mayo Clinic. A roentgenogram revealed 1 
only dilatation of the esophagus but a perforating ulcer on the lesser curvatu 
of the stomach. The ulcer was excised, and the cardia was manually dilated i; 
the course of the operation. The patient made an uneventful convalescence. Elev: 
days after the operation he was dismissed from the hospital and was waiting for a 
bus, when he suddenly dropped dead on the sidewalk. 

The general observations at necropsy included old healed aortic and mitr: 
endocarditis with stenosis; hypertrophy and dilatation of the heart; arterioscl 
rotic changes in the kidneys; fatty changes in the heart, liver and kidneys; multipl 
diverticula of the rectum; moderate general arteriosclerosis, and thrombosis oi 
the prostatic plexus. The partial excision by knife of the gastric ulcer had healed 
without perforation or peritonitis. Death was attributed to cardiac failure. 

Examination of the stomach and esophagus revealed contraction without organi 
narrowing of the lowest 4 cm. of the esophagus. There was a fusiform dilatation, 
which proceeded from below upward to a sac which had a maximal inner circum 
ference of 8 cm. at a point 9 cm. above the juncture of the esophageal and the 
gastric mucosa. There was no evidence of ulceration, scarring or rupture of the 
esophagus; no diverticulum, twisting or kinking of the esophagus was present, 
and there was no suggestion of a hypertrophied sphincter or of hypertrophy of 
the oblique muscle of the stomach. 

Microscopic examination showed that in the undilated portion of the esophagus, 
at and just above the cardia (I shall call this portion the neck), the epitheliun 
was relatively thickened, but otherwise it was normal. In the dilated portion of 
the esophagus (the sac) the epithelium was thinner and was eroded in some places 
but not ulcerated. The neck revealed a relative thickening of both layers of the 
muscularis propria and a slight increase in the amount of elastic tissue. In the 
sac the amounts of muscle and of elastic tissue were approximately normal, but 
the circular elastic fibers were more prominent than usual. There was no fibrosis 
among the muscle fibers. The ganglion cells of the myenteric plexus had almost 
disappeared (fig. 6). No cells were seen in sixteen segments of the cardia, which 
were 1 cm. in length, and in nine similar segments of the sac. The ganglions of 
the myenteric plexus showed a great increase in the number of nuclei in the 
supporting (sustentacular) cells. These cells frequently formed little whorls 
inside what appeared to be the capsules of former ganglion cells. Such whorls 
presented a superficial resemblance to renal glomeruli; for want of a better label 
they will be termed glomeruloids. As was true in many of these cases, the largest 
part of the vagus nerve had been removed by the laboratory technician in the 
process of making a neat looking specimen for display. Numerous fragments of 
the vagus plexus were discovered, however, and studied with special stains for 
nerves, but all were normal. 

Case 2.—A woman aged 29 came to the clinic because of dysphagia, whicl 
had been present for two years. In the previous six months she had undergone 
ten dilations of the esophagus for cardiospasm. Seven days before she came t 
the clinic she had submitted to dilation elsewhere, which had been followed by 
fever and soreness and swelling of the neck. At the time the patient came to th« 
clinic advanced cellulitis of the neck, stridor, dyspnea and cyanosis were present 
She died the following day. 


Necropsy revealed rupture at the upper end of the esophagus, with multiple 
and extensive communicating retropharyngeal and pretracheal abscesses. Thy- 
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dectomy, which had been performed ten years previously, was found to have 

t extensive scars around the trachea and carotid sheaths. The examination did 

it reveal anything else of consequence. 

Examination of the specimen did not reveal organic constriction of the neck 

the cardiospasm. It extended for about 1 cm. above the mucosal junction. 
[here was a fusiform dilatation that extended to a sac, which was 28 cm. long 
but only 5.4 cm. in its greatest circumference. The walls of the sac were thick, 
and the mucosa was puckered in the lower portion. On the left side of the esopha- 
cus, 1.2 cm. below the cricoid cartilage, was a perforation which measured 1 by 
4mm. There was no evidence of ulceration, kinking, scarring or diverticulum of 
the esophagus. 

Microscopic study disclosed that the epithelium was normal throughout, except 
for a few erosions. There was no ulceration. Sections through the edges of the 
perforation demonstrated that the rupture was through the sound esophagus and 





Fig. 6—A ganglion in the myenteric plexus in case 1 ( 235). Ganglion 
cells are absent, and the proliferating cells have taken on an appearance which some 
observers have confused with that of lymphocytes. At the right is an imperfect 
example of one of the whorls of cells which I have labeled a glomeruloid. 


that it had not been preceded by scarring or ulceration. The edges of the perfora- 


tion were the site of a violent pseudomembranous inflammation. Diffuse inflam- 
mation, with many polymorphonuclear leukocytes, had spread in the mucosa as 
far as the cardia. It had not spread so far in the intermuscular septum, but it 
involved the myenteric plexus. Infection had extended a still smaller distance in 
the submucosa and in the adventitia. Both muscular layers were greatly thickened 
throughout the entire length of the sac, and the circular muscle measured 0.5 cm. 
in thickness. The muscle did not reveal any fibrosis or special band at the cardia. 
The density of the elastic tissue was increased in the lower two thirds of the 
esophagus, but it became thin in the upper third. Ganglion cells had mostly dis- 
appeared; none were seen in three segments of the cardia, and only two were 
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present in seventeen segments of the sac. In the lower part of the esophagus 
ganglions showed proliferation of supporting cells and the formation of glon 
uloids; in the upper part the ganglions were involved in acute inflammation. | 
vagus nerve appeared normal on section. 

Case 3—A woman aged 39 had suffered from increasing difficulty in swall: 
ing for seventeen years, with regurgitation of undigested food after eating. Di! 
tion of the esophagus was followed at once by colic and evidence of pleuritis o: 
the left side. The following day 1,200 cc. of fluid was aspirated from the left 
pleural cavity. Afterward posterior mediastinotomy was performed for ruptur: 
of the esophagus. Two days later subcutaneous emphysema of the neck developed 
The patient died on the seventh day after the operation. 

Necropsy revealed rupture of the esophagus, widespread mediastinitis, empyema 
on the left side, collapse of the left lung, recent resection of the ninth and tenth 
ribs on the left side posteriorly and terminal pleuritis at the base of the right 
lung. Old healed tuberculous pleuritis and lymphadenitis, cysts of the ovaries, 
polyps of the uterus, papillomas of the bladder, Meckel’s diverticulum and moderat 
arteriosclerosis also were noted. The esophagus was dilated. The laceration, 
which was 1.5 cm. long, was longitudinal in direction and extended upward fron 
a point 1.5 cm. above the mucosal junction. Considerable thickening of the neigh- 
boring diaphragm was noted. 

No gross organs could be removed; hence my study was limited to small frag 
ments of tissue which showed the rupture and thickening of the mucosa of the 
terminal portion of the esophagus. Microscopic study showed the epithelium to be 
thickened, with beginning cornification, which was of the mucous membrane typx 
No ulceration was present. Sections from the borders of the tear in the esophagus 
showed it to be the site of acute pseudomembranous inflammation. There was no 
evidence of old ulceration or thinning of the muscular layers at this point. The 
infection had extended for some distance in the submucosa. The strands of the 
circular muscle, just above the cardia, appeared to be pulled apart and showed 
regions of necrosis without infection. As will be demonstrated later, this appear- 
ance of the circular muscle is not infrequently found in cases of cardiospasm after 
dilation. There was no fibrosis in the muscular layers, and the elastic tissu 
appeared normal. In twenty-three segments of the myenteric plexus, which wer« 
1 cm. in length and from the cardia, a total of thirteen ganglion cells were seen, 
most of them in various stages of degeneration. There was an increase in the 
number of nuclei in the supporting cells in the ganglions, and numerous glomer- 
uloids were seen. Sections from the vagus nerve were normal. 

Case 4.—A youth aged 17 years always had been regarded as enjoying perfect 
health. When his mother was questioned in the light of the postmortem observa- 
tions, however, she related that ever since childhood he had been accustomed to 
regurgitate food after eating. The food had come up easily and without retching. 
He had learned not to eat too much at a time and to keep a basin beside him 
while he ate. On Sept. 23, 1924, the patient had engaged in football practice until 
6 p. m. He had remained with his companions until 7 p. m. and then had come 
home. His parents had found him dead on the floor at 9 p. m. There had been 
spontaneous evacuation of the bowels and bladder. A medicolegal necropsy was 
performed by Dr. H. E. Robertson. The esophagus was observed to be dilated 
and its wall was somewhat hypertrophied. There was generalized lymphadenop 
athy, but none of the lymph nodes was more than 1 cm. in diameter. Arterio- 
sclerosis was slight. The remainder of the examination, including the examination 
of the brain and of the organs of the neck, and toxicologic examination of the 
gastric contents, did not reveal anything to explain the cause of death. 
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[The esophagus was dilated almost the entire distance from the cardia to the 
icoid cartilage. Its size was normal for about 1.5 cm. above the juncture with 


he gastric mucosa; then there was gradual dilatation to a maximal circumfer- 


ce of 8 cm. at a point 9 cm. above the cardia. The thickness of both the mucosal 
d the muscular layer was increased in the lower part of the esophagus but 
ormal above. No diverticulum, ulceration or evidence of kinking or twisting 

the terminal portion of the esophagus was noted. No special sphincteric mus- 

ilar band or increased prominence of the oblique muscle of the stomach was 

bserved. 

Microscopic study revealed a general thickening of the epithelium. No ulcera- 
tion or inflammation was present. Both muscular layers were thickened in the 
neck and in the lower part of the sac; the circular muscle had attained a thickness 
f 4mm. In the upper part of the sac the thickness of the muscle was normal 
Some vacuolar degeneration was present in the thickened circular muscle, but there 
was no fibrosis. The elastic tissue was slightly more prominent than normal. 
[here was a general loss of ganglion cells in the myenteric plexus; eight segments 
f the cardia and lower and middle portions of the sac revealed a total of only 
three ganglion cells. At the upper end of the esophagus two segments revealed 
two and five ganglion cells, respectively. The degree of the proliferative changes 
in the ganglions was only moderate. No specimen of the vagus nerve could be 
btained. 

Case 5.—A woman aged 66 came to the clinic after she had suffered for eight 
years from intermittent attacks of dysphagia and salivation. During the previous 
eighteen months the symptoms had become much worse. Daulation of the cardia 
was followed at once by substernal discomfort. The following day there was 
severe abdominal pain, and the next day auricular fibrillation, pleural effusions on 
both sides, dyspnea and paralysis of the leit arm were present. The patient died 
on the third day after the operation. 

Necropsy revealed that the esophagus had ruptured in the course of dilation 
and that there were consequent mediastinitis, bilateral empyema and purulent peri- 
tonitis of the lesser peritoneal sac. Mural thrombi were present in the left 
ventricle, and a diagnosis of multiple cerebral emboli was made on the basis of 
the clinical findings. Advanced emaciation, old healed tuberculous pleuritis and 
lymphadenitis, moderate arteriosclerosis, atrophy of the liver and arteriosclerotic 
changes in the kidneys also were noted. 

The esophagus was dilated to a fusiform sac, which had a maximal circum- 
ference of 8 cm. at a point 11 cm. above the cardia. The circumference of the 
lower few centimeters of the esophagus was approximately normal. Beginning 
0.5 cm. above the mucosal junction on the left side of the esophagus, there was a 
longitudinal tear 2.5 cm. in length. Several large lymph nodes were seen around 
the esophagus. No ulceration, diverticulum or evidence of kinking of the terminal 
portion of the esophagus was observed. 

Microscopically the epithelium was observed to be thickened near the cardia: 
t was eroded but not ulcerated in the sac. The rupture passed through a region 
where the mucosa and muscular layer previously had been normal. The edges of 
the rupture were covered with acute pseudomembranous inflammation. Violent 
infection and inflammation, with necrosis, hemorrhage and masses of polymorpho- 
nuclear leukocytes, had spread in the submucosa, in the intermuscular septum and 
especially in the adventitia of the esophagus for a long distance as a result of the 
rupture. Both muscular layers were thickeried in the neck and in the lower por- 
tions of the sac. There was no fibrosis of the muscular layer. The elastic tissue 
was normal throughout, except that the circular fibers were a little more prominent 
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than normally in the sac. Ganglion cells were numerous in the myenteric plexus 
the stomach, near the cardia, but there were none in the terminat portion of { 
esophagus and in the sac of the cardiospasm. No ganglion cells were seen 
twenty-five segments of the neck and of the lower and middle portions of the 
At the extreme upper end of the esophagus, however, twenty-one ganglion cel] 
were seen in five segments. There appeared to be little proliferation of the sup 
porting cells, but the widespread infection in the intermuscular septum followii 
the rupture made this difficult to judge. Sections of the vagus nerve were normal 

Case 6—A girl aged 8 years had begun to have increasing esophageal 
obstruction after whooping cough three years before she was brought to the clini 
For a year and a half the obstruction had been extreme. When she arrived 
the clinic she was too weak to allow any manipulation, and she died six days late: 

Necropsy revealed advanced dilatation and hypertrophy of the esophagus, 
extreme emaciation and terminal bronchopneumonia, with edema of the glottis. 

The circumference of the lowest 1.5 cm. of the esophagus was about normal 
(2.5 cm.). Above this there was gradual dilatation to a circumference of 7.5 cm. at 
a point 7 cm. above the cardia. The total length of the sac was 16 cm. On the I 
anterior surface of the sac there was a scar measuring about 2.5 by 0.3 cm., whicl 
was longitudinal in direction. It extended through all layers of the esophagus and 
involved a lymph node externally. Within a few centimeters of the scar were eight 
lenticular ulcers of the mucous membrane, each measuring about 0.5 by 0.2 cn 
There was no diverticulum or kinking of the esophagus. 

Microscopic examination showed a thickening of the epithelium, especially 
localized islands. The ulcers which have been mentioned were subacute 
chronic. They penetrated the muscularis mucosae and rested on the circular 
muscular layer. From the bases of each ulcer, strands of lymphocytes and endo- 
thelial cells extended between the muscular bundles to the intermuscular septum 
Traces of the same infectious process were observed throughout the entire 
esophagus, in the submucosa, between the muscular bundles and in the adventitia, 
but especially in and around the ganglions of the myenteric plexus. Both muscular 
layers were increased in thickness. There was a slight increase in the amount of 
connective tissue in the septum of the circular muscular layer. Twenty-five 
segments of the cardia and sac did not reveal any ganglion cells; these segments 
were 1 cm. long. Besides the chronic infection (which may apparently be traced 
to the myenteric plexus from the ulcers of the mucosa), the ganglions were 
enmeshed in much hyaline scar tissue. Sections from the vagus nerve appeared 
normal. 

Case 7.—A man aged 58 had suffered from dysphagia ior twenty years, and 
regurgitation of food and water had occurred for five years. Dilation of the 
cardia was accompanied with slight pain and bleeding. An hour later he vomited 
blood and complained of severe pain in the abdomen and in the left side of the 
thorax. He failed rapidly and died on the second day after the operation. 

Necropsy disclosed that a rupture of the esophagus had been followed by 
hemorrhage and pleurisy in the left pleural cavity. The ‘eft lung was totally 
collapsed and covered with grayish white exudate. Advanced emaciation, old 
healed tuberculous pleuritis and pneumonitis and a small adenoma of the thyroid 
gland also were present. 

The esophagus was greatly thickened but moderately dilated, the greatest 
circumference being 5.6 cm. at a point 10.8 cm. above the cardia. The transition 
from the neck to the sac was gradual. Beginning 0.8 cm. below the mucosal 
junction with the stomach, there was a longitudinal split which was 3.2 cm. long 
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ind extended up the esophagus. Only the upper centimeter of this tear extended 
tirely through the muscular wall. There was no diverticulum, ulceration or 
kinking of the esophagus. 

Microscopic study showed that the epithelium was moderately thickened 
throughout. There was no cornification or ulceration. The rupture did not 
involve an old ulceration or defect in the muscular wall. The edges of the tear 
were covered with pseudomembrane. Acute infection and hemorrhage had spread 
from the tear a long distance in the adventitia, in the intermuscular septum and 
especially in the submucosa, where the phlegmon had reached the middle portion 
of the esophagus. The spread of hemorrhage and infection had stopped abruptly ct 
the junction with the stomach. In the neck of the cardiospasm there was patchy 
hemorrhage in the circular muscle. There was also necrosis of portions of muscle 
which were involved in the phlegmon. An extremely small amount of old fibrosis 
was present in the strands of muscular fibers near the cardia. Both muscular 
layers were thickened throughout the entire esophagus, and the circular muscle 
had attained a thickness of 3.5 mm. The elastic tissue was about normal every- 
where, although the circular fibers were relatively more prominent in the sac than 
elsewhere. Although the ganglion cells were normal in the adjoining stomach, 
they had practically disappeared in the myenteric plexus of the esophagus. Only 
three ganglion cells were observed in twenty-three segments of the myenteric plexus. 
In the lower half of the esophagus the ganglions were involved in the infection 
which had spread from the rupture; in the upper half the ganglions exhibited much 
proliferation of supporting cells but were not infected. Sections of the vagus 
nerve were normal. 


Case 8—A man aged 50 had complained of dysphagia and regurgitation, 


with increasing emaciation, for two years. He had uremic symptoms when he 
arrived at the clinic. A stomach tube was passed, but he became irrational and 
pulled it out. He failed rapidly and died a few days later. 

Besides the dilatation and hypertrophy of the esophagus, necropsy revealed 
bilateral bronchopneumonia, with a small abscess on the right side; a hemangioma 
of the left vocal cord; an old healed duodenal ulcer; cholelithiasis, cholecystitis 
and dilatation of the gallbladder; Meckel’s diverticulum; melanosis coli; advanced 
arteriosclerosis; old healed tuberculosis of the spleen, liver and lungs, and arterio- 
sclerotic renal changes. 

Examination of the esophagus revealed that the dilatation began abruptly 
2 cm. above the junction of the gastric and the esophageal mucosa. The sac, which 
had a circumference of 7 or 8 cm. throughout most of its length, extended to the 
cricoid cartilage, which was 26 cm. above the cardia. The lower part of the sac 
had thick muscular walls while the upper 8 cm. of the sac showed thinning of both 
the mucosal and the muscular layer. In the lower part of the sac there were 
numerous thickened plaques in the epithelium, which produced a pebbled-leather 
appearance (fig. 7). In the lowest 5 cm. of the esophagus there was ulceration 
between the islands of epithelial thickening. Just above the neck of the cardiospasm 
one such ulcer had penetrated almost to the adventitia. There was no diverticulum 
or evidence of kinking or twisting of the esophagus. 

Microscopic study showed a general thickening of the esophageal epithelium. 
3etween the plaques of thickened epithelium in the lower part of the esophagus 
there was acute necrotic and ulcerative inflammation, with many polymorpho- 
nuclear leukocytes, which involved the mucosa and submucosa. The muscular 
layer was thickened in the lower portion of the sac. There was thinning of the 
circular muscle in the upper part of the sac, with vacuolar degeneration of the 
muscle fibers but no fibrosis. Circular elastic fibers were relatively more 
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prominent in the upper part of the sac. The ganglion cells generally had dis 
peared ; only two were seen in eight segments of the myenteric plexus. Their pl 
was taken by some proliferation of the supporting cells. No sections of the vag 
nerve could be obtained. 

Case 9.—A woman aged 39 had suffered from epigastric pain, vomiting 
dysphagia for nineteen years. She had undergone frequent dilation for cardi 
spasm from 1914 to 1918. A roentgenogram, which was made in 1918, showed 
both a dilated esophagus and a duodenal ulcer. She returned to the clinic 


Fig. 7—Esophagus (case 8) showing the plaques of epithelial thickening 
mingled with ulceration just above the cardia. 


underwent further dilations on Jan. 3, 1925, Nov. 5, 1925, and March 31, 1926 
The last operation was followed by epigastric pain and bloody emesis. The fol- 
lowing day, dulness was noted at the base of the lungs, especially on the left side. 
During the next few days five aspirations were performed for empyema of the left 
pleura, and from 300 to 1,000 cc. of fluid was removed at each aspiration. The 
patient died on April 10, 1926. 

Necropsy revealed that rupture of the esophagus had been followed by medi 
astinitis and empyema on the left side, which had collapsed the lung completely 
There also were fibrinous pleuritis at the base of the right lung, a healed duodenal 
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r, fatty changes in the myocardium and liver, infarcts in the spleen and left 
kidney and gas bubbles and hemolysis in the submucosa of the colon, from which 
Clostridium Welchii was isolated. 

Examination of the specimen showed that the neck at the cardia, which had a 

rcumference of 3.9 cm., was dilated gradually to a relatively small sac, 16 cm. in 
length and 5.5 cm. in circumference. Beginning 2 cm. above the mucosal junction 
ind extending upward 5.2 cm. was a complete tear through the esophagus. In the 
middle of the sac the epithelium was dark and tusterless and had the appearance 
{ infarction. There was no diverticulum, scarring, evidence of a twist or kink or 
hypertrophy of the sphincter or oblique muscle at the cardia. 

Microscopically the epithelium showed merely a hyperplastic downward growth 
of the basal layers, except in regions (as around the rupture or in the middle of 
the sac) in which the epithelium was lost in acute esophagitis. Sections from the 
borders of the rupture demonstrated that both mucosa and musculature originally 
had been normal where the tear occurred. The edges of the tear were covered 
with pseudomembranous inflammation. Above the rupture, in the middle of the 


sac, the layers of the esophagus were completely disorganized. The whole wall 
was a mass of necrotic tissue, hemorrhage and inflammation. Even the myenteric 
plexus could not be recognized definitely enough to permit the ganglion cells to 
be counted. Outside the infarcted region the muscular layer appeared normal, 
except for a slight increase in the fibrous tissue and circular elastic tissue near 


the cardia. Six segments of myenteric plexus from parts of the esophagus 
unaffected by the acute infarction showed only one ganglion cell. The ganglions 
showed some increase in the number of nuclei of the supporting cells. No sections 
of the vagus nerve could be obtained. 

Case 10.—A man aged 31 had suffered a sudden onset of epigastric pain and 
regurgitation four years before he came to the clinic. The gallbladder and appendix 
had been removed elsewhere, without relief. Since that time there had been 
increasing dysphagia, regurgitation and loss of weight. On his trip to the clinic 
he had become mentally confused. Shortly after his arrival he became acutely 
maniacal. Examination was impossible. He was sent to the state hospital, where 
he died seven days later. 

At necropsy a diagnosis was made of dilatation of the esophagus, emaciation, 
toxic psychosis (possibly the result of hunger and dehydration), exhaustion, edema 
and congestion of the brain and old healed tuberculosis of the lungs and lymph 
nodes, 

Examination showed that the esophagus, which was normal in size at its 
lower extremity, was dilated gradually to a fusiform sac with a maximal circum- 
ference of 11 cm. at a point 10 cm. from the cardia. The epithelium was generally 
thickened. In the lower part of the sac were several small papillomatous protru- 
sions of the mucous membrane, which averaged 2 mm. in diameter. The muscular 
layer of the esophagus was relatively thin. There was no ulceration, diverticulum 
or evidence of a twist or kink in the esophagus or of hypertrophy of the oblique 
muscle, 

The epithelium was normal microscopically, except for some thickening. One 
section near the cardia, however, passed through the scar of a healed ulcer. This 
old ulcer, which was not recognized grossly, had once extended down to the 
circular muscle. The muscular layer appeared normal and did not exhibit any 
fibrosis. The number of circular elastic fibers was markedly increased in the 
sac. The ganglion cells had mostly disappeared from the myenteric plexus, only 
three cells being seen in fifteen segments. The ganglion cells had been replaced 
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by a proliferation of supporting cells, which frequently appeared in the forn 
whorls, which I have labeled glomeruloids. Sections of the vagus nerve appear 
normal. 

Case 11.—A man aged 62 first came to the clinic in 1921, because of stom; 
trouble, which had been present for three years. A diagnosis of cardiospasm was 
made and dilation relieved the symptoms. He returned frequently between 192 
and 1929, because of chronic arthritis. From March 21 to April 25, 1929, severa] 
casts were applied to his knees for wedging. There was no manipulation of th, 
joints, however. On April 29 the patient suddenly fell unconscious in a convulsio: 
He revived for a few minutes and then collapsed and died. 

Necropsy did not solve satisfactorily the question of the cause of death. The 
observations included chronic pulmonary tuberculosis, healed tuberculosis of ; 
spleen and liver, chronic arthritis and moderate arteriosclerosis. The brain was 
normal, 


Fig..8.—Section of the esophagus, X 16, near the cardia (case 11). At the 
extreme upper right is an island of thickened epithelium. That this thickness is 
not an artefact resulting from oblique cutting is shown by the fact that the papilla 
are cut in the direction of their axes. In the upper center is an esophageal gland 
Below and to the right of it the muscular wall of the esophagus consists of longi 
tudinal fibers only; the circular muscle apparently has been ruptured in the course 
of operative dilation. 


The lowest 4 cm. of the esophagus, which constituted the neck of the dilated 
esophagus, was of normal size. Above this was a sac which was dilated to a 
circumference of 8.5 cm. The mucosa presented numerous islands of thickened 
epithelium. Twelve centimeters from the cardia was a diverticulum 0.6 cm. deep 
and 1.6 cm. across its mouth. There was no scarred lymph node attached to the 
fundus of the diverticulum. On the outer surface of the sac was one strand of 
longitudinal muscle which was greatly thickened. 

Microscopically the epithelium showed numerous islands of thickening and 
elongated papillae (fig. 8). Occasional polymorphonuclear leukocytes were seen 
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in the thickened epithelium. There was no ulceration. At the cardia and in the 
neck of the cardiospasm the circular muscle had the appearance of having been 
pulled apart. It was atrophic; the strands were separated, and some sections did 
not reveal any circular muscle at all. I have mentioned this as a late appearance 
following successful dilation. In the sac the muscular layers were generally 
normal, except that the thickened strand of longitudinal muscle, which was men- 
tioned in the gross description, disclosed considerable vacuolar degeneration of 

» muscle cells. Special staining revealed that the vacuoles did not contain fat. 

the walls of the sac the capillaries and small veins were greatly dilated. The 
amount of circular elastic tissue was relatively increased in the sac. The diver- 
ticulum had the appearance of a herniation of the mucosa through the muscular 
wall of the esophagus. The muscularis mucosae was normal throughout the 
diverticulum, but the circular muscle was thinned almost to extinction, and the 
strands of the longitudinal muscle were pushed to the sides. Ganglion cells gen- 
erally had disappeared throughout the esophagus; only seven were seen in sixteen 
measured segments of the myenteric plexus. There was little proliferative reac- 
tion in the ganglions. Sections of the vagus nerve were normal. 

Case 12.—A woman aged 60 had complained of “gas on the stomach” for two 
years. For seven months before she came to the clinic there had been progressive 
dysphagia. Administration of belladonna had given transient relief, but the patient 
had lost 25 pounds (11.3 Kg.). When she came to the clinic she was pale, weak 
and emaciated. She was told to swallow thread for a guide for dilation. At noon 
on the first day she became dyspneic after eating. A few physical signs were 
discovered over the lower lobe of the left lung. Despite oxygen therapy, she died 
the same evening (Nov. 8, 1932). 

Necropsy revealed edema of the lungs and a limited beginning pneumonia. 
There was a pedunculated lipoma on the outside of the stomach, near the cardia. 
A mucocele of the appendix, one gallstone, granular cystitis, moderate arterio- 
sclerosis and healed pulmonary tuberculosis were also present. 

A specimen of the esophagus showed more dilatation and more thinning of the 
wall than were present in any case that I previously had studied (fig. 9). The 
neck, or undilated portion, of the esophagus extended upward 1.5 cm. from 
the mucosal junction with the stomach. Above this was a sac which measured 
25 cm. in length and 16 cm. in its greatest circumference. The thinning of the 
wall involved both the muscular and the mucosal layer. A few varicose veins 
were seen in the submucosa.. There was no diverticulum or ulceration or any evi- 
dence of a thickened sphincter, hypertrophied oblique muscle or kink in the 
esophagus at the cardia. The stomach likewise was considerably dilated. 

Microscopic examination showed that the epithelium was generally thinned, 
except for a few islands of localized thickening at the cardia. No ulceration was 
present. The muscular layers were thinned throughout but more so in the sac 
than in the neck of the cardiospasm. There was a slight increase in the amount 
of circular elastic fibers in the neck, but a general thinning of all elastic fibers 
was noted in the sac. The number of ganglion cells in the myenteric plexus was 
reduced; only twelve cells were seen in twelve measured segments. The com- 
plete vagus plexus, which was examined with many sections and stains, was 
entirely normal. 

Case 13.—A man aged 69 died at the clinic with uremic symptoms on May 
22, 1934. At no time had he complained of dysphagia. When his wife was ques- 
tioned in the light of the postmortem observations, however, she recalled that 
in his youth the patient had suffered great difficulty in swallowing. He had 
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vomited with great ease and had found it necessary to sleep with a tow 
his pillow and a rug beside his bed on account of regurgitation at night. 7 
symptoms had not troubled him for many years. 

Besides the dilated esophagus, necropsy revealed carcinoma of the blad 
which had metastasized to the ureters, liver, lung and lymph nodes; pyelonephrit 
chronic tuberculosis of the hilus, lymph nodes and spleen, and hypertrophy 
the heart. 

The relationship between the cardia and the diaphragm was examined in s 
and it was observed that there was room in the esophageal hiatus to slip two fing 


Fig. 9—The esophagus and stomach (case 12) before being opened 


between the esophagus and diaphragm. A plaster cast was made of the stomach 
and esophagus before these organs were opened. The cast was not absolutely 
continuous between the two organs because the lower end of the cardia was 
partially occluded by a wad of vegetable fibers. The esophagus was not only 
greatly dilated but also somewhat stretched lengthwise. As a consequence, there 
was some bending of the esophagus, but obviously there was not enough kinking 
to produce obstruction, as the cast demonstrated. Beginning at the cardia, a neck, 
or undilated portion of the esophagus, extended upward for a distance of 4.5 cm 
In this portion the muscular walls were thick, and the mucosa was folded longitu 
dinally. The esophagus then curved to the right and gradually widened into a sac 
which was 14 cm. long and 16 cm. in circumference. The mucosal and muscular 
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s of the sac were thinned. The epithelium presented numerous ulcers, which 
1 or 2 mm, in diameter. About 2.5 cm. above the upper end of the neck 
a diverticulum 0.7 cm. in depth. Its mouth measured 0.6 cm. in its vertical 
1.5 cm. in its horizontal diameter. At the upper end of the sac, opposite the 











Fig. 10—A, the epithelium of the esophagus (case 13) showing pathologic 
cornification, X 115. B, a diverticulum of the esophagus (case 13; & 10). On 
the right may be seen the strands of circular and longitudinal muscle, apparently 
pushed aside by the pouch, which is lined only with muscularis mucosae. 


bifurcation of the trachea, was another undilated portion of the esophagus, which 
had thick muscular walls. I shall speak of it as the upper neck. It curved to 
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the left and had a length of 4 cm. and a circumference, when opened, of 7 
Above this was another thin-walled sac, which reached to the cricoid cartila., 
It was 7.5 cm. long and 10.5 cm. in circumference. 

Microscopically the epithelium was thickened throughout. Near the cardia 
it was somewhat edematous, and above this point it presented beginning cornifica- 
tion of the mucous membrane type (fig. 10.4). In the lower neck the muscular 
layers were much thickened but otherwise were normal and free from fibrosis. 
In the lower sac there was not only much thinning but also extensive fibrosis of 
the muscle. In the upper neck the muscle was normal, but much thickened; th: 
circular muscle had a thickness of 6 mm. In the upper sac the muscular layers 
were thin but otherwise normal. Here, the muscle fibers were largely striated, 
The elastic fibers were relatively increased in number in the upper and lower 
necks and at the sites of fibrosis. In the latter situations circular fibers pre- 
dominated. The wall of the diverticulum resembled that in the eleventh case, in 
that the longitudinal fibers appeared to be pushed apart, the circular fibers wer 
thinned to extinction and only the muscularis mucosae was present in the fundus 
of the diverticulum (fig. 10B). Ganglion cells had disappeared throughout th 
esophagus; no cells were seen in nineteen measured segments of the myenteri: 
plexus. Practically no proliferative changes were evident in the ganglions. Sections 
of the vagus nerve were normal. 

COMMENT 

The details of the clinical findings in these cases are shown in 
table 2. The conclusions which may be drawn from them have no smal] 
importance. 

In all cases the dilated portion of the esophagus, or sac, was 
separated from the stomach by an undilated segment of esophagus, 
which I have labeled the neck. The neck varied in length between 1.5 
and 4.5 cm. In no case was there organic narrowing of the neck or 
scarring in or around it. Accordingly, one may lay the ghost of 
Mosher’s “fibrosis of the terminal esophagus.” In no case was there 
evidence of a thickened sphincter or of a hypertrophic oblique muscle 
of the stomach. “Kinking of the terminal esophagus” was certainly 
absent in all cases of early moderate dilatation. Kinking of the 
esophagus can evidently occur only in cases of very old cardiospasm 
in which there has been lengthening as well as dilatation of the 
esophagus. Accordingly, it probably can be eliminated as an etiologic 
factor. No evidence could be found for compression of the esophagus 
by spasm of the diaphragm. The absence of hepatomegaly and of any 
pathologic condition in the liver in this and other series of cases of 
cardiospasm speaks strongly against “pressure of the liver tunnel” as a 
cause of the dysphagia. Finally, the theory which invokes “the pres- 
sure of the lung tips” can be eliminated by an appeal to simple physics— 
the lungs are elastic and do not press against but tend to pull away 
from the parieties. 

In ten of the thirteen cases in which adequate sections could be 
obtained the vagus nerve was entirely normal. In every case, however, 
there was a striking loss or complete absence of ganglion cells from the 
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myenteric plexus. Only seventy-four cells were seen in a total of 233 


segments of the myenteric plexus, which were 1 cm. in length. This 
loss was frequently accompanied with a proliferation of the supporting 
cells of the ganglions. Sometimes there was a picture which I have 
interpreted as a mass of new proliferative supporting cells filling the 
old capsule of an extinct ganglion cell. I have termed this appearance 
a glomeruloid. Sometimes there was actual inflammation in and about 
the ganglions. In some cases there was nothing to be seen except 
simple absence of ganglion cells from the ganglions. 


TABLE 2.—Data for Thirteen Cases of Cardiospasm 


Dura- Diver- Maximal Thick 

tion of Opera- Rupture ticulum Circumference ness 

Symp- tive oO of of Sac of 
Age, toms, Dila- Esoph- Cause of Esoph- Peptic (Fixed), Muscle 
Years Years tion agus Death agus Ulcer Cm. in Sa 


> 0 Unknown 0 Gastric 3 Norma! 
(cardiac?) 


~ - Cellulitis ( 5 Increased 
of neck 


Empyema { 0 Increased 
on left 


Unknown f ) 3 Increased 


Bilateral Increased 
empyema 


Inanition 0 7.5 Increased 


Empyema 

on left 

Inanition Healed 

and pneu duodena! 

monia ulcer 

Empyema { Healed 

on left duodenal 
ulcer 


Toxic ) 0 
psychosis 

Unknown 

Unknown 

(edema of 

lungs?) 


Carcinoma 
of bladder 


In may be argued that the loss of ganglion cells is secondary to 
pressure in the dilated sac. It is to be pointed out, however, that the 
loss of ganglion cells is equally great in the undilated neck at the cardia 
Furthermore, it should be pointed out that in most of these cases the 
circumference of the sac was only about twice the circumference of 
the normal esophagus. Accordingly, the increased mean distance 
between ganglion cells can account for a reduction of only about 50 per 
cent in the number of cells in the sac. 
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My results are compatible with the theory of Hurst,"’ namely, ; 
cardiospasm, or achalasia of the cardia, is primarily a disease of thx 
myenteric plexus. Hurst expressed the opinion that with the destrix 
tion of the myenteric plexus the sympathetic fibers to the terminal | 
tion of the esophagus are allowed to act unopposed. As a result, th: 
terminal portion of the esophagus does not relax normally with th 
swallowing reflex, and dysphagia results. 

The varying anatomic pictures in these thirteen cases can best ly 
explained by introducing the conception of “compensated” and “decom 
pensated” cardiospasm. In early and moderate cardiospasm the eso 
phagus responds to the obstruction in a characteristic fashion. It 
dilates only slightly. Instead, the muscular walls, and especially the 
circular muscle, are greatly thickened. The thickness of the circular 
elastic fibers also is relatively increased in response to the increased 
pressure within the esophagus. The epithelium also is thickened uni- 
formly but does not become ulcerated. Case 2 furnishes an excellent 
example of such a compensated cardiospasm. 

If the long-continued and severe pressure from within, however, 
overcomes the resistance of the esophagus to dilatation, certain other 
changes occur. The esophagus becomes prodigiously dilated and als 
stretched lengthwise, so that bends and kinks may occur. The muscle, 
instead of being thicker than normal, is thinned. The muscular fibers 
in the sac may show vacuolar changes or even extensive fibrosis (cas¢ 
13). Also, the elastic tissue of the esophagus is thinned out. There may 
be dilatation of the capillary venules as a result of obstruction to the 
venous return. The mucosa may herniate through the muscular wall in 
the form of a diverticulum (cases 1] and 13). The epithelium may 
show beginning cornification or plaques of great thickening or ulcera 
tion. In case 13 is presented a typical picture of decompensated cardio- 
spasm. Most of the anatomic features in these thirteen cases can be 
regarded as representing various stages of compensation. The chroni- 
cally infected esophagus in case 6 and the completely atonic esophagus 
in case 12 are somewhat atypical but may fit into the same scheme. 

It is now necessary to consider the effect of operative dilation on 
the cardia. In most of these cases rupture of the esophagus complicated 
the picture. In case 11, however, operative dilation of the cardia, years 
previously, produced complete relief of symptoms. In this case the 
fibers of the circular muscle in the neck of the cardiospasm were pulled 
apart in a way that points to an old submucous rupture of the circular 
muscle. This same frayed appearance of the circular muscle was 
present after recent dilation in case 3. 


71. Hurst, A. F.: (a) The Treatment of Achalasia of the Cardia (So-Called 
“Cardiospasm”), Lancet 1:618-619 (March 19) 1927; (b) Some Disorders of the 
Esophagus, J. A. M. A. 102:582-587 (Feb. 24) 1934. 
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In case a rupture through the wall of the esophagus is produced by 
yperation, certain characteristic observations are made. In case 2, in 
which dilation was performed elsewhere, the esophagus had been punc- 
tured high in the cervical region, apparently with some pointed instru- 
ment. Cases 3, 5, 7 and 9, however, in which the rupture followed the 
use of the Plummer dilator, were markedly similar. The tear was 
always longitudinal. It was always through a normal mucous membrane 
and muscular wall. In three cases it produced only empyema on the 
left side, and in the one case, in which bilateral empyema was produced, 
the rupture was on the left side of the esophagus. The tear was either 
entirely above the juncture with the mucous membrane of the stomach 

three cases) or almost entirely above the juncture (in one case). 
[he rupture was always followed by a rapidly spreading inflammatory 


reaction of great violence. 

One more point remains to be considered. In cases 1, 4, 11 and 12 
leath occurred suddenly and could not be explained satisfactorily by the 
postmortem observations. I should not care to defend the thesis that 
the sac in a case of cardiospasm may exert such pressure on the 
mediastinal structures as to be the cause of sudden death; yet this 
possibility is worthy of consideration. 
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Although the symptomatic and, to some extent, the pathologic results 
which accompany states of marked deprivation of vitamins have beet 
largely described, great interest has been shown in the past year in the 
early alterations in normal physiologic processes which occur before 
these gross pathologic changes have become manifest. In fact, chie! 
interest in the field of nutrition is at present directed toward studies of 
the metabolic influences of the various vitamins. Of particular interest 
to clinicians have been methods of recognition and treatment of states 
of moderate and mild vitamin deficiency, the effect of abnormalities in 
gastro-intestinal function in the production or conditioning of disease 
due to vitamin deficiency, studies of the metabolism of vitamin C and, 
lastly, studies of the physiologic properties of the vitamin B complex 
elucidation of the components of which has advanced steadily. 


VITAMIN A 

The daily requirement of vitamin A is still unknown. Indeed, it 
probably will be many years before the requirement of vitamin A or 
of any of the other vitamins can be clearly established. The difficulty 
in expressing in exact figures the requirement of any vitamin is realized 
when one considers the influences of absorption, storage and destruction 
and the variability in minimal and optimal requirement. Perhaps eventu- 
ally the quantitative requirement will be stated, as it now is for protein, 
to lie between certain minimal and optimal levels. This tendency has 
already received expression in the report of a cooperative committee 
appointed by the Council on Pharmacy and Chemistry and the Committee 
(now Council) on Foods,’ both of the American Medical Association 


From the Division of Medicine, the Mayo Clinic. | 
The section on “Diseases of Metabolism” was published in the February ( 
issue of this journal. t 


1. The Status of Certain Questions Concerning Vitamins, report of the Council 
on Pharmacy and Chemistry, J. A. M. A. 106:1732-1735 (May 16) 1936 
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This committee has recommended for approval for lay advertising any 
cod liver oil or preparation containing vitamin A if the prescribed daily 
dose provides at least 6,250 and not more than 10,000 U.S. P. units of 
vitamin A, This is the vitamin content provided by 2 teaspoonfuls 
of cod liver oil, which meets the standard given in “New and Non- 
ficial Remedies” (1936). The committee noted a lack of data on the 
basis of which to determine the dose of vitamin A for adults, although 
Harris * placed the minimal requirement at about 1,000 U.S. P. units 
daily. The requirement of children per kilogram of body weight is 
greater than that of adults, because of the processes of growth. 

By healthy subjects vitamin A and its precursor, the yellow pig- 
ment carotene, are absorbed without difficulty. Evidence gradually has 
accumulated to show that absorption of vitamin A and carotene may be 
influenced by a variety of pathologic and perhaps physiologic processes 
nd that under many circumstances the absorption of carotene is more 
ften interfered with than is that of the vitamin itself. It has been 
suggested that whenever interference with the digestion or absorption 
f fat occurs, there may be failure in absorption of vitamin A or 
carotene. In this respect interesting studies have been reported in the 
past year on the role of bile in the utilization of vitamin A. The indis- 
pensability of bile in absorption of lipids and the fat-soluble character 
if the vitamin suggest that, in the absence of bile, there might be serious 
interference with absorption of vitamin A. However, studies of Schmidt 
and his associates * have indicated that absorption of vitamin A of cod 
liver oil from the gastro-intestinal tract of the rat does occur in the 
absence of bile, as indicated by studies of vaginal smears as a criterion 
if deficiency. In contrast, it was found that the rat suffering from 
deficiency of vitamin A did not respond to oral administration of alpha 
carotene and beta carotene in the absence of bile. Response occurred, 
however, when the carotene was administered subcutaneously by injec- 
tion or when it was administered orally, together with bile acids. In a 
somewhat related study Altschule* recorded his observations of 11 
infants in whom the bile duct was observed post mortem to be con- 
genitally atretic. All the infants had received an adequate diet and had 
failed to present clinical evidence of vitamin A deficiency. However, 
in tissues of 6 of the 11 were microscopic changes similar to those 
2. Harris, L. J.: A Programme for Nutrition Surveys, Lancet 1:966-968 
April 25) 1936. 

3. Greaves, J. D., and Schmidt, C. L. A.: On the Absorption and Utilization 

Carotene and Vitamin A in Choledochocolonostomized Vitamin A Deficient 
Rats, Am. J. Physiol. 111:492-501 (April) 1935. Schmidt, W., and Schmidt, 
C. L. A.: The Relation of Bile to the Intestinal Absorption of Vitamin A in 
the Rat, Univ. California Publ., Physiol. 7:211-221, 1930. 

4. Altschule, M. D.: Vitamin A Deficiency in Spite of Adequate Diet in 
Congenital Atresia of the Bile Ducts and Jaundice, Arch. Path. 20:845-856 
Dec.) 1935. 
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Wolbach and Howe ° have described in vitamin A deficiency. Alts: 
said he considered this as evidence that vitamin A had not been abso: 
in adequate amounts because of the absence of bile. Consideration must 
also be given in this connection to the relation of the damaged liver ; 
storage and metabolism of vitamin A. 

That infections may influence intestinal function, and _particul: 
interesting studies 


6 


absorption, has long been recognized. Heymann’s 
disclosed that 70 per cent of ingested carotene was absorbed by normal 
infants, whereas if the infants harbored infection of any type, onl) 
36 per cent was absorbed. Heymann expressed the belief that low 


absorption is not attributable to fever only, since the effect persiste 


for two weeks beyond the duration of the fever. Heymann could find 
no evidence that it was attributable to inhibition of absorption of {at 
and ascribed it to an unknown toxic effect. In the presence of celia 
disease, in which absorption of fat is greatly interfered with, vitami: 
A deficiency has been reported by Friderichsen,’ even though vitamin 
was given in sweet milk. When the infant under his observation was 
given mother’s milk, immediate improvement resulted. Heymann als: 
has studied a patient with celiac disease who showed complete lack of 
absorption of vitamin A. Evidence which is interpreted as indicating 
interference with absorption of vitamin A in pregnancy has been reported 
by Edmund and Clemmesen.* Thirteen of 20 pregnant women pre- 
sented night blindness which was relieved in from seven to ten minutes 
by intramuscular injection of a preparation containing 15,000 U.S. P 
units of vitamin A in each cubic centimeter. 

Further evidence of the importance of the liver in metabolism of 
vitamin A is demonstrated by the studies of Heymann ® and of Ralli, 
Pariente, Brandaleone and Davidson.‘ Heymann reported that after 
cessation of administration of carotene in oil, diabetic patients failed 


5. Wolbach, S. B., and Howe, P. R.: Tissue Changes Following Deprivatior 
of Fat-Soluble A Vitamin, J. Exper. Med. 42:753-777 (Dec.) 1925. 

6. Heymann, W.: Absorption of Carotene, Am. J. Dis. Child. 51:273-283 
(Feb.) 1936. 

7. Friderichsen, C.: Quantitative Investigations of the Resorption of A 
Vitamin in a Case of Coeliakie: Studies of Hypovitaminosis-A, Acta pediat. 18: 
377-391, 1936. 

8. Edmund, C., and Clemmesen, S.: On Parenteral A Vitamin Treatment of 
Dysaptatio (Nyctalo-Hemeralopia) in Some Pregnant Women, Acta med 
Scandinav. 89:69-92, 1936. 

9. Heymann, Walter: Carotenemia in Diabetes, J. A. M. A. 106:205)- 
2052 (June 13) 1936. 

10. Ralli, Elaine P.; Pariente, A. C.; Brandaleone, H., and Davidson, S 
Effects of Carotene and Vitamin A on Patients with Diabetes Mellitus: III 
The Effect of the Daily Administration of Carotene on the Blood Carotene 
Normal and Diabetic Individuals, J. A. M. A. 106:1975-1978 (June 6) 1936. 
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show the normal decline in the carotene content of the serum; the 
‘oucentration remained elevated or even increased for from ten to 

rteen days after administration had been discontinued. Ralli and 

associates reported that the ability of the liver of diabetic patients 
) convert carotene to vitamin A is diminished and that this leads to 
creased concentration of carotene in the liver, which in turn inter- 
feres with the absorption of carotene from the blood. The evidence 
indicates that the carotenemia of diabetic patients is not attributable 
solely to the large carotene content of the diet. 

It has long been recognized that vitamin A deficiency is manifested 
chiefly by an effect on epithelial tissues. It was suggested by Mellanby *' 
in 1934 that the primary effect of vitamin A deficiency is on nerve 
tissues and that the epithelial changes may be secondary, attributable 
to interference with or loss of trophic influences. Although certain 
changes in the nervous system of animals deprived of vitamin A have 
been described, such as those recently described by Zimmerman and 
Cowgill,’* the conception of Mellanby remains unproved. In an attempt 
to support this hypothesis by experimental means, King ** cut the 
inferior dental nerves of dogs. This accelerated the rate of growth of 
the teeth but failed to produce defects such as those observed in the 
teeth and gums of dogs suffering from vitamin A deficiency. That 
the results he obtained were attributable to damage of the vasomotor 
fibers is indicated, since the changes observed were reproduced by 
section of the cervical sympathetic nerve. 

Further attempts to find practical value in the relation of vitamin A 
to epithelial tissues have led to the use of the vitamin to aid in the 
healing of wounds and in the treatment of epithelial lesions. Most 
of the reports of this work have appeared in the foreign literature. 
Proto** and Sandor *® have reported favorable results. Proto stated 
that in experimental wounds of rabbits local applications of vitamin A 
greatly and favorably influenced healing. Concerning the treatment in 
man of large superficial wounds or of areas from which skin had been 


excised, Sandor reported favorably on the effect of an ointment or oil 


11. Mellanby, E.: Xerophthalmia, Trigeminal Degeneration and Vitamin A 
Deficiency, J. Path. & Bact. 38:391-407 (May) 1934. 

12. Zimmerman, H. M., and Cowgill, G. R.: Lesions of the Nervous System in 
Vitamin Deficiency: IV. The Effect of Carotene in the Treatment of Nervous 
Disorders in Rats Fed a Diet Low in Vitamin A, J. Nutrition 11:411-423 (May) 
1936. 

13. King, J. D.: Dietary Deficiency, Nerve Lesions and the Dental Tissues, 
J. Physiol. 88:62-76 (Oct.) 1936. 

14. Proto, M.: Action of Vitamins on Healing of Wounds, Ann. ital. di 
chir. 15:1-174 (Jan.-Feb.) 1936; abstr., J. A. M. A. 107:627 (Aug. 22) 1936. 

15. Sandor, Stephan: Vitamin A in the Local Treatment of Wounds, Lancet 
2:738-740 (Sept. 26) 1936. 
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containing 2,000 U.S. P. units of vitamin A in each cubic centimeter, 
Of considerable interest is the report of Lustig and Wachtel 
experiments with vitamin A in treatment of cutaneous epitheliomas and 


mammary carcinomas. After using a preparation containing 40,000 
biologic units of vitamin A in each cubic centimeter applied as com- 
presses and injection subcutaneously along with a colloidal copper 
preparation, these investigators reported that the involved area became 


smaller. New epithelium grew in from the periphery, and the bases 
of the ulcers became clear. No effect was noted on distant metastatic 
growths. While Lustig and Wachtel admitted that the treatment was 
palliative, since cures had not occurred, nevertheless they said they 
were inclined to continue their study and felt that perhaps the use of 
vitamin A would prove an adjuvant in the treatment of the lesions. 
Failure of massive doses of carotene in oil administered to rats to 
influence implanted sarcomatous tumors has been reported by Sure, 
Buchanan and Thatcher.’? 

The relation of vitamin A to genito-urinary function has received 
further study in the past year. Higgins ** has continued his studies on 
urinary calculi associated with vitamin A deficiency. He reported 35 
cases in which stones had undergone solution and stated that in his 
experience since 1932 the incidence of recurring stones following opera- 
tion has been reduced from 16.4 to 4.7 per cent. Lazarus and Rosen- 
thal,’® however, have failed to be convinced of the efficacy of the high 
vitamin acid ash diet, either as a means of dissolving stones or as an 
absolutely certain means of preventing recurrences. They were unable 
to explain their failure to reproduce Higgins’ results, although failure to 
treat patients over a sufficiently long period of time may have been a 
factor. In this connection the report of the cooperative committee, 
previously noted, is of interest, for it is stated that “there is at the 
present time inadequate evidence to warrant the claim that the inges- 
tion of sufficient vitamin A will prevent the formation of renal calculi 
in man.” 


16. Lustig, B., and Wachtel, H.: Therapeutic Experiments with Vitamin A 
in Cancer, Ztschr. f. Krebsforsch. 44:53-58, 1936; abstr., J. A. M. A. 107: 
1261 (Oct. 10) 1936. 

17. Sure, B.; Buchanan, K. S., and Thatcher, H. S.: Vitamin A and Car- 
cinogenesis, Am. J. Cancer 27:84-86 (May) 1936. 

18. Higgins, C. C.: Urinary Lithiasis: Experimental Production and Solu- 
tion with Clinical Application and End-Results, J. Urol. 36:168-177 (Aug.) 
1936. 

19. Lazarus, J. A., and Rosenthal, A. A.: Renal Lithiasis—A Résumé of 
Its Present Status and a Preliminary Report on the Vitamin “A” Acid Ash Diet 
Based upon One Hundred and Twenty-One Private Cases, Urol. & Cutan. Rev 
40:1-8 (Jan.) 1936. 
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The effect of deprivation of vitamin A on the vaginal mucosa has 
long been recognized, and the effect on the vaginal mucosa of the rat 
has been used as a measure of vitamin A sufficiency or insufficiency. 
Coward, Cambden and Lee *° have reported that as a means of quan- 
titative estimation of vitamin A, the method appears to be somewhat 
less accurate than determination of increase in weight in three weeks 
of female rats which have been given daily doses of vitamin A after 


they have ceased to grow on a diet deficient in that factor. Simpson 


and Mason”! have studied the relation of senile vaginitis in human 
beings to vitamin A deficiency. In 30 cases, in many of which the sub- 
jects had been receiving an inadequate diet, an increased oral intake of 
vitamin A, in cod liver oil or halibut liver oil, proved to be an unusually 
effective method of producing rapid relief of symptoms and of gross 
and histologic repair of the vaginal lining. 

The relation of vitamin A to resistance to infection has long been 
, matter of debate. The vitamin has certainly not been shown to be 
specific in the prevention of colds, influenza and such infections, nor 
has it been demonstrated that ingestion of vitamin A in amounts far in 
excess of those readily obtained from a properly selected diet is an aid 
in preventing infections. Mackay and her associates *° have contributed 
an interesting but not conclusive study in this respect on the therapeutic 
value of vitamins A and D in measles. In a group of 697 children less 
than 13 years of age these investigators failed to find any favorable 
effect on the fatality rate or on the incidence of pneumonia, otorrhea 
and all other complications, including cutaneous lesions, while the 
patients were in the hospital. Moreover, the duration of pyrexia or 
length of stay in the hospital was not affected. To children of one 
group was given 3,000 U.S. P. units of vitamin D daily, to those of 
another group this dose of vitamin D plus the vitamin A equivalent 
of 22.5 cc. of cod liver oil daily and to those of a third group no vitamin 
supplements. The negative results may have been attributable to the 
short time of administration of the vitamins or to the fact that treat- 
ment was started too late (81 per cent about the fourth day or later in 
the disease). 

Recognition and Frequency of States of Vitamin A Deficiency — 
Recognition of states of marked deprivation of vitamin A is not difficult 

20. Coward, Katharine H.; Cambden, Marjorie R., and Lee, Eva M The 
Determination of Vitamin A by Means of Its Influence on the Vaginal Contents 
of the Rat, Biochem. J. 29:2736-2741, 1935. 

21. Simpson, J. W., and Mason, K. E.: A New Concept of Senile Vaginitis 
(Am. J. Obst. & Gynec. 32:125-128 (July) 1936. 

22. Mackay, Helen M. M.; Linford, Hilda M.; Mitman, Maurice, and Wild, 
Marv H.: The Therapeutic Value of Vitamins A and D in Measles, Arch. Dis 
Childhood 11:127-142 (June) 1936 
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if one keeps in mind lesions involving the eyes and the skin. Excel) 
summaries of the manifestations of vitamin A deficiency have been 
made by Sweet and K’ang ** and by Loewenthal.** It seems obvious 
that these conditions of marked deficiency are rare in the United Sta 
and consequently most attention has been directed toward the much 
more important problems of the means of recognizing states of mild 
deficiency. In this connection the work of Jeans and Zentmire,”® first 
reported in 1934, has been outstanding, and further confirmation of the 
value of their photometric method of recording impaired visual adapta- 
bility to darkness has been reported by them as well as by Frandsen,” 
in Denmark. This or some similar simple method seems to be of much 
value in clinical work, although as yet the limitations of such methods 
as tests of vitamin A deficiency have not been determined. 
Youmans,** in an excellent summary of methods of recognizing 
vitamin deficiencies in practice, has emphasized the types of ocular and 
cutaneous symptoms, signs and tests which may be of value in states 
of vitamin A deficiency. Ocular symptoms, including asthenopia, poor 
vision, photophobia, Bitot’s spots, conjunctival complaints, dryness and 
granular appearance of the bulbar conjunctiva when the eyelids are 
held open for a few minutes, are all signs that arouse suspicion but 
are inconclusive. Smears of conjunctival or nasal scrapings containing 
keratotic cells have been described by Blackfan and Wolbach,”* and 
Sweet and Klang have given further objective evidence. Further con 
firmation lies in the use of some test, such as the test of adaptability to 
darkness, of Jeans and Zentmire. Friderichsen has described a method 
which may overcome some of the objections to the test of Jeans and 
Zentmire. This depends entirely on objective changes; the observer 
measures the faintest light which will provoke an oculomotor reflex. 
Cutaneous evidence of vitamin A deficiency, well described by Frazier 


23. Sweet, L. K., and K’ang, H. J.: Clinical and Anatomic Study of 
Avitaminosis A Among the Chinese, Am. J. Dis. Child. 50:699-734 (Sept.) 
1935. 

24. Lowenthal, L. J. A.: The Manifestations of Vitamin A Deficiency in 
Man, Ann. Trop. Med. 29:407-413 (Dec. 18) 1935. 

25. Jeans, P. C., and Zentmire, Zelma: A Clinical Method for Determining 
Moderate Degrees of Vitamin A Deficiency, J. A. M. A. 102:892-894 (March 
24) 1934. 

26 Frandsen, Helga: NHemeralopia as an Early Criterion of A-Avitaminosis 
and Clinical Symptoms and Treatment of This Disease, Acta ophth., supp. 4, 
1935, p. 7-160. 

27. Youmans, J. B.: The Present Status of Vitamin Deficiencies in Practice, 
J. A. M. A. 108:15-20 (Jan. 2) 1937. 
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and Hu ?® and by Loewenthal,*® consists of a fairly characteristic kera- 
totic papular lesion of varying size occurring especially on the thighs 
and extensor surfaces of the arms and legs. It is more common among 
adults than children and involves principally pilosebaceous follicles. 
\ somewhat similar lesion, occurring in the presence of vitamin C defi- 
ciency, has been reported by Scheer and Keil.** 

[he presence of one or more of the foregoing signs might constitute 
good presumptive evidence of vitamin A deficiency, and this presump- 
tion would be greatly strengthened by the disappearance of the noted 
symptoms and signs following administration of pure vitamin A. How- 
ever, the therapeutic test does not as yet constitute proof; for this, 
quantitative objective data will be required. 

Because of the variability, and in some instances unreliability of 
methods of determining mild states of vitamin A deficiency, the fre- 
quency of such deficiency states is not clearly established. As a result 
of their studies, Jeans and Zentmire ** offered evidence that in Iowa 
26 per cent of a group of rural school children and 53 per cent of a 
group of village school children were deficient in vitamin A; in a group 
of urban children the proportion for the higher economic level was 56 
per cent, for a middle level 63 per cent and for a low economic level 
79 per cent. Park,** using the same method, tested 275 patients with a 
wide variety of diseases and found many with evidences of vitamin A 
deficiency. Frandsen ** observed slight hemeralopia in 46 of 65 appar- 
ently healthy school children in Copenhagen. 


VITAMIN B COMPLEX 

There is ample chemical and physiologic evidence to indicate that 
the original water-soluble vitamin B is in reality a complex and con- 
sists of several distinct chemical entities. In the past years two factors, 
one a heat-labile vitamin, B,, and the other a heat-stable vitamin, B., 
or G, were recognized. Other factors, including vitamins B,, B, and 


B,, have been described but not universally recognized. In a recent 
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34. Frandsen, H.: Investigation of Hemeralopia as Evidence of Minor Degrees 
of Vitamin A Deficiency, Nutrition Abst. & Rev. 4:621-622, 1935. 








520 ARCHIVES OF INTERNAL MEDICINE 


summary of this problem, Peters ** revealed that at least six entities 
compose the vitamin B complex, as follows: : 


Vitamin B: (aneurin or torulin) 


lactoflavine 
vitamin Bs (rat antidermatitis) 


Vitamin B: (G) 
Vitamins Bs; and Bs (including the chicken antipellagra factor) 


Vitamin By, (position at present obscure) 


The relation of these factors to the factors of the human antipellag 
(P. P.) substance, to black tongue of dogs, to heart block of pigeons 
and possibly to other growth factors is not as yet clear, nor is it evident 
how many of these, other than vitamin B, and perhaps vitamin B,, 
are essential for man. The delay in elucidating the nature of and the 
relation between the various factors is occasioned by the extreme difti- 
culty of the experimental work and the variability in requirements 0} 
various test animals. 

Vitamin B,, which has been synthesized, is a pyrimidine thiazole 
(sulfur-nitrogen-carbon ring) compound, according to Williams 
Lactoflavine, which is one of the components of vitamin B, (G), also 
has been synthesized ; it is allied to the purines, pyrimidines and nucleo- 
tides and has as its principal component the iso-alloxazine nucleus 
The chemical composition and structure of the other components of the 
vitamin B complex are unknown. 

Vitamin B,—lIt has been recognized for many years that vitamin 
B, is essential for growth, probably because of its influence in tissue 
oxidation, particularly in oxidation of carbohydrates. In 1929 Kin- 
nersley and Peters ** produced evidence that there was an increased 
amount of lactic acid in the brains of pigeons in terminal stages of 
vitamin B, deficiency as compared to that in the brains of normal 
pigeons. Subsequently Peters and Thompson ** and Sherman and 
Elvechjem ** revealed the importance of vitamin B, in the oxidation of 
pyruvic acid; in fact, the vitamin appears to be an essential catalyst in 


35. Peters, R. A.: The Vitamin B Complex, Brit. M. J. 2:903-905 (Nov 
1936. 

36. Williams, quoted by Peters.®® 

37. Kinnersley, H. W., and Peters, R. A.: Observations upon Carbohydrat: 
Metabolism in Birds: I. The Relation Between the Lactic Acid Content of th 
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1126-1136, 1929. 
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the oxidation of pyruvic acid. As Peters and Thompson have pointed 
out, the extensive evidence for this fact can be summarized by saying 
ther vitamin B, can be shown in vitro to have a specific catalytic effect 
on the brain tissue of pigeons suffering from deficiency of this vitamin 
and that pyruvic acid accumulates in the blood of animals, and prob- 
ably of man, suffering from deficiency of vitamin B,. The accumulation 
of lactic acid in the blood and tissues, which is a marked feature of 
vitamin B, deficiency and of beriberi in man, may be explained by the 
suggestion that the oxidation of lactic acid is inhibited at the stage of 
pyruvic acid. These changes in the nervous system probably explain 
many of the symptoms of vitamin B, deficiency; the remaining symp- 
toms may be attributable to the influence of the vitamin on carbohydrate 
metabolism in tissues other than the brain. The effect of consumption 
of large quantities of carbohydrate on the requirement of vitamin B, 
has been of particular interest in this respect. Stepp and Schroeder *° 
have reported the first case of relative beriberi in man, attributable to 
consumption of excessive carbohydrate (in their case from 500 to 1,500 
Gm. of sugar daily). 

Previous evidence suggesting a sparing action of a diet high in fat 
on the vitamin B, requirement has been denied by Sure and Buchanan * 
and by Westenbrink.** Of interest also is the work of Cowgill and 
Dann ** on the failure of dinitrophenol to influence the vitamin B, 
requirement of dogs. It is generally accepted that elevation of the basal 
metabolic rate leads to an increased requirement for vitamin B,. In these 
studies of Cowgill and Dann the average increase in the basal metabolic 
rate was 28 per cent, and yet there was no demonstrable effect on the 
vitamin B, requirement, probably because the important factor in deter- 
mining the requirement of the vitamin is the total and not the basal 
metabolism. 

The daily requirement for vitamin B, has been expressed by Cow- 
gill ** as about 300 U.S. P. units for a man weighing 70 Kg. Harris 
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and Leong * calculated the requirement as 250 to 500 internatioi;| 
units daily (about 1 mg. of crystalline vitamin). Baker and Wright ‘ 
have reemphasized the fact that vitamin B, is not abundant in most 
foods. Most fresh foods contain about 1 international unit per gray 
hut the variability in this factor and the amount of the vitamin destroyed 
by processing of foods must be taken into consideration in any calcu 
lation of the content of the diet. It is exceedingly important to recall 
that during the process of digestion and alimentation there may he 
destruction or failure of absorption of vitamins and that even thoug! 
the diet contains an adequate supply, a deficiency state may result. 
Scheunert and Schieblich “shave shown, for example, that in dogs with 
an ileac fistula at least 66.6 per cent of vitamin B, administered by 
mouth (and a considerable amount of vitamin B.) was absorbed in the 
stomach or small intestine. 

A method of corroborating clinical impressions of mild states of 
vitamin B, deficiency may result from studies now in progress on uri 
nary excretion of this vitamin. Helmer,** Harris and Leong and 
Roscoe *® have published their results in the past year, and by biologic 
tests all have found appreciable quantities of the vitamin in urine. 
According to Harris and Leong, the daily output of vitamin B, in the 
urine of 9 healthy adults on “normal” diets amounted to from 12 to 35 
international units, with an average of 20. This represented only 5 to 
8 per cent of the intake. Variations could be noted when the vitamin 
B, content of the diet was increased or decreased, and the conclusion 
was reached that a daily excretion of less than 12 international units 
supports the presumption that the diet has less than a normal allow- 
ance of vitamin B,. Roscoe said she was less convinced of the value of 
the estimation because of the variability in amounts excreted by normal 
subjects; in fact, in the urine of some, vitamin B, appeared not to be 
excreted in measurable quantities, although the intake was “normal.” 
In addition, when vitamin B, was added to the diet in definite amounts, 
it was excreted by some and retained by other “normal” subjects. The 
vitamin B, content of the blood is at present being studied. These tests 
also depend on biologic methods, and in unpublished data Meiklejohn © 


45. Harris, L. J., and Leong, P. C.: Vitamins in Human Nutrition: The 
Excretion of Vitamin B;: in Human Urine and Its Dependence on the Dietary 
Intake, Lancet 1:886-894 (April 18) 1936. 

46. Baker, Audrey Z., and Wright, Margaret D.: The Vitamin B: Content of 
Foods, Biochem. J. 29: 1802-1807, 1935. 

47. Scheunert, A., and Schieblich, M.: Ueber die Resorption von Vitamin B 
um Dummarm, Nutrition Abstr. & Rev. 5:946 (April) 1936. 

48. Helmer, O. M.: Vitamin B: and B: Content of Human Urine, Proc. 
Soc. Exper. Biol. & Med. $32:1187-1188 (April) 1935. 

49. Roscoe, Margaret H.: The B-Vitamins in Human Urine, Biochem. J. 
30: 1053-1063 (June) 1936. 

50. Meiklejohn, A. P., quoted by Peters.%5 














WILDER-WILBUR—NUTRITION 


st 
bo 
Ge 


orted the normal value for man to be 4 international units (8.5 micro- 

It has long been recognized that deficiency of vitamin B, leads 

the development of beriberi. However, gradually accumulating 
evidence indicates that it may be a significant factor in leading to 

sturbances of the eye, of the nervous system, of the cardiovascular 
ipparatus and of the gastro-intestinal tract and may cause diabetes and 
edema as well as other symptoms. Of chief clinical interest is the effect 
the nervous and cardiovascular systems. Strauss °' demonstrated 
clearly the etiologic relationship of vitamin B, to so-called alcoholic 
polyneuritis. Reports from other clinics have substantiated this and 
have recorded therapeutic value in the administration of large quan- 
tities of vitamin B, in the treatment of the condition. Jolliffe, Colbert 
and Joffe °* have offered further evidence of this relationship by careful 
studies of the diets of 42 alcoholic addicts. They demonstrated that in 
their series the intake of vitamin B, of every alcoholic addict who 
had polyneuritis was estimated to be inadequate (Cowgill’s formula) ; 
none of the addicts whose intake of vitamin B, was estimated as ade- 
quate had polyneuritis, and every addict whose intake of this vitamin 
was estimated as having been absolutely deficient for twenty-one days 
had polyneuritis. Subsequently, Jolliffe and Colbert °° presented further 
evidence of the effects of vitamin B, in the treatment of “alcoholic” 
polyneuritis. In studies of a group of chronic alcoholic addicts with 
uncomplicated polyneuritis who were given diets containing slightly 
inadequate or barely adequate quantities of vitamin B,, no improvement 
was noted in the objective signs of peripheral neuritis over a period 
of one month. The condition of subjects whose treatment consisted of 
an intake of vitamin B, that was approximately twice their predicted 
requirement improved but not as rapidly as, or in degree equal to, that 
of subjects who received four times their requirement of vitamin B,. 
It is possible that fractions of the vitamin B complex other than vitamin 
B, were therapeutically significant in these cases, since a preparation of 
autolyzed brewer’s yeast was used. It is particularly interesting in this 
respect to record the failure of Wechsler, Jervis and Potts ™* to pro- 
duce the clinical or pathologic syndrome of polyneuritis in monkeys. 
Deficient intake, relative and absolute, of vitamin B, alone or combined 
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with acute and chronic alcoholism, did not produce clinical or pat 
logic features suggesting polyneuritis. Whether this unusual resista 
to alcoholic intoxication and vitamin B, deficiency represents a spe 
difference is unknown. 

Cardiovascular disturbances involving particularly the heart and 
capillaries are known to be associated with beriberi and have led 
the designation “beriberi heart.’ This condition, which has been th 
oughly described clinically and pathologically by Wenckebach,® is rar: 
observed in the United States. Recent studies made by Weiss a: 
Wilkins °° are of particular interest because an attempt has been made 
to describe the cardiovascular symptoms and signs of a group of patients 
who gave evidence of mild and moderate deficiency of vitamin B, and 
to delineate the cardiovascular conditions in which vitamin B, may be 
of therapeutic value. From a group of patients in the Boston City 
Hospital 97 were selected in whom disturbances of cardiovascular func- 
tion seemed related to nutritional factors. Patients were selected in 
whom a cardiovascular disturbance was present and was unexplained 
on the basis of any factors ordinarily recognized as being of etiologic 
significance in circulatory failure. In all instances the history gave 
evidence of an unbalanced diet, and many patients showed other signs 
of deficiency states, such as “alcoholic” polyneuritis. As evidence of a 
direct relationship between cardiovascular symptoms and deficiency of 
vitamin B components, Weiss and Wilkins have used the following 
criteria: the history of an unbalanced diet; the beneficial response to 
foods rich in vitamin B or to concentrates or crystals of vitamin B, ; 
the simultaneous presence of other clinical manifestations recognized as 
deficiency states, such as polyneuritis ; the absence of other recognizable 
etiologic factors of cardiac disease; the electrocardiographic changes 
which disappear after administration of vitamin B,, and the similarity 
of the clinical syndrome and histologic picture of the heart muscle to 
those observed in beriberi in other parts of the world. It is clearly 
recognized that the evidence is presumptive and that proof has not 
been established. In studies of these patients the principal conclusions 
reached included the observations that dysfunction of the cardiovascular 
system might develop as a result of an unbalanced diet (especially one 
lacking in vitamin B) and that such dysfunction could affect both a 
previously normal and a previously damaged cardiovascular apparatus. 
The authors stated that they felt that these abnormalities depended 
partly on changes in the nervous system and partly on changes in the 
myocardium. The principal symptoms were simple tachycardia; vagus 
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ex irritability, with bradycardia or with asystole and syncope, and 

lure of the right or left side of the heart, peripheral arteriolar dila- 
tation and vasomotor collapse, with vascular constriction, in various 
combinations. In one group of patients these changes disappeared 
rapidly, and in another they disappeared slowly after rest and an ade- 
quate dietary intake. Electrocardiographic changes were noted in all 
but 3 of 38 patients and consisted principally of changes in the T waves, 
in low amplitude and in prolongation of the electrical systole (Q-T), 
which usually disappeared under therapeutic measures. Histologic 
changes observed in the cardiac muscle in several patients were observed 
to be similar to those described by Wenckebach, but they were not con- 
sidered characteristic or specific of deficiency states. Weiss and Wilkins 
expressed the opinion that the conditions they described were actually 
more frequent than has been noted previously. They wrote that such 
conditions should be looked for principally in examination of alcoholic 
addicts and less frequently in examination of pregnant women, of per- 
sons without work, of those living in conditions of poverty, of food 
cranks, of diabetic patients and of those with certain types of gastro- 
intestinal disease. These groups of persons rarely perform hard work 
and this may be one of the factors which accounts for the great vari- 
ability which has been noted in the degree of deficiency and in the 
variability or absence of symptomatic response. 

It is extremely important not to ascribe to vitamin B deficiency 
cardiovascular symptoms or signs which cannot readily be explained 
on the basis of ordinary and well recognized conditions. Much more 
evidence will have to be presented before the field of cardiovascular 
changes in relation to vitamin B deficiency can be closely delineated. 
It is equally important to emphasize that the promiscuous use of prepa- 
rations of vitamin B for relief of symptoms in all types of cardio- 
vascular disease is useless and might prove dangerous. Weiss *’ pointed 
out that his studies of the effect of vitamin B, on the heart and circu- 
lation of normal subjects, in the presence of various types of organic 
heart disease and in the presence of different types of edema, revealed 
no changes in heart rate, in electrocardiographic tracings, in hemo- 
dynamics or in edema, even though a dose as large as 30 or 40 mg. of 
crystalline vitamin B, was given in a single injection. 

Rabinowitz and Rogers ** have reported an interesting case of a child 
4 years of age who had a large heart, a rapid and irregular pulse, 
gallop rhythm, a precordial thrill and loud systolic and diastolic mur- 
murs, with evidence also of scurvy and rickets. Four months after 
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dietary treatment the foregoing signs and symptoms had cleared, a 
the size of the heart was normal. : 

The mechanism of formation of edema in relation to vitamin 
deficiency is still not clear. In some instances the edema is probal) 
dependent, in part at least, on circulatory failure and in others on ass 
ciated decrease in the plasma proteins ; while in some cases, such as th 
of Elsom,*® it remains unexplained. A relationship which might exis: 
between vitamin B, and carbohydrate metabolism in diabetes and th 
possible therapeutic value of crystalline vitamin B, in the treatment of 
diabetes was mentioned in last year’s review.°° Acute and chronic dis 
orders of the optic nerve and perhaps of the ocular muscles, hemor 
rhagic lesions of the retina and optic neuritis all have been ascribed to 
deficiency of vitamin B,. 

The occurrence of anorexia, achlorhydria, atrophy of the lingual 
papillae and hypotonicity and hypomotility of the gastro-intestinal tract 
all have been noted as evidence of vitamin B, deficiency. In an inter- 
esting study of the possible effect of vitamin B, deficiency on the gastric 
juice of man, Alvarez and his associates ** made daily observations on 
the gastric juice of 2 subjects over a period of six weeks while on a 
diet sufficiently deficient in vitamin B, to make the vitamin-calory ratio 
1.2 (normal minimum, 1.8—Cowgill). No signs of vitamin B, defi 
ciency developed, although the value for hemoglobin distinctly dropped, 
and changes were not noted in the concentration of hydrochloric acid 
or pepsin in the gastric juice. In studies of experimental animals 
Simpson ® could not find atrophy, ulceration or erosion of the gastric 
mucosa of albino rats which were on a diet deficient in vitamin B,, 
and he said he did not believe the slight changes he noted could be of 
any importance in the genesis of ulcer. These changes were moderate 
congestion and cellular infiltration. Kik, Sure and Buchanan ® did not 
observe in the rat noteworthy changes in digestive efficiency of either 
the proteolytic or the amylolytic enzyme in the presence of deficiency 
of vitamin B or G. There was, however, a marked decrease in the 
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digestive efficiency of pancreatic esterase, and there was a marked 
decrease in the concentration of pancreatic and hepatic lipase in the 
presence of vitamin B deficiency, which suggests a disturbance in diges- 
tion of fats in this type of avitaminosis. 

Vitamin B,.—The importance of this factor in nutrition of man has 
not been established. 

Vitamin B,—Little is known of the physiology of vitamin B,. It 
may be related to certain adenine nucleotides or nucleosides. Elvehjem “ 
has expressed the belief that this factor probably will find an important 
place in nutrition of man and in the treatment of certain disorders of 
the brain. It is not abundant in foods and is easily destroyed. Some 
workers believe that deficiency of vitamin B, is relieved by large doses 
of vitamin B, and therefore doubt the existence of vitamin B,. 

Vitamin B,.—The status of this factor is questionable. 

Vitamin B,.—This factor, which is one of the principal components 


” 


of vitamin B,, or G, is identical with the “factor Y” of Chick, Copping 
and Edgar ®° and with Gyorgy’s ® vitamin B,. Its absence leads to the 
development of “rat pellagra.” The factors of “rat pellagra,” “chick 
pellagra” and “human pellagra” are apparently not identical, and con- 
sequently the relation of vitamin B, to pellagra of man remains to be 
defined. 

Pellagra.—The etiology of pellagra is still not entirely clear. Defi- 
ciency of vitamin B,, or G, long has been associated with this disease, 
but a clearcut etiologic relationship has not been established. Vitamin 
B, (G) has been found to consist of at least two factors, one of which, 
lactoflavin, has been shown by Dann “ to be of no therapeutic value in 
pellagra of man. The relation of the other factor, B,, the chemical 
nature of which is uncertain, is not clear either. Elvehjem, for instance, 
stated that black tongue of dogs, which generally is accepted as identical 
with pellagra of man, is completely relieved by administration of a 
filtrate which remains after removal of flavins from vitamin B, (G). 
On the other hand, in their observations Birch, Gyorgy and Harris °* 
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and Dann ** have been unable to relate vitamin B, to black tongue 
dogs or to pellagra of man. Birch and his associates havé reported 1 
occurrence of pellagra of man when the diet was high in vitamin ,. 

Although, as has been noted, there is disagreement as to the natur 
of the significant dietary factors in pellagra, Sydenstriker and his col- 
laborators *° suggested the existence of an “intrinsic” factor, which is 
deficient in pellagra. These workers offered the hypothesis that the 
intrinsic factor is present in gastric juice and that it makes possible 
utilization of minimal quantities.of extrinsic factors. Variability in the 
capacity to retain or regenerate the intrinsic factor may explain some 
of the variabilities in therapeutic response of pellagrous patients. 

The characteristic early cutaneous lesions of pellagra occur princi- 
pally on exposed surfaces, and it has long been accepted that exposure 
to sunlight is a precipitating factor in this typical distribution. Spies ™ 
recently has studied this phase of the disease and has reported that 
pellagrous lesions occur in the absence of sunlight and may heal in the 
presence of exposure to sunlight or to ultraviolet radiation. Spies empha- 
sized that pellagra should be considered a systemic disease and not a 
cutaneous condition and that under certain circumstances, still matters of 
conjecture, sunlight may act as an irritant and precipitate the cutaneous 
lesions of the disease. 

Cardiac symptoms are rarely reported in pellagra, but Feil ** reported 
abnormal electrocardiographic tracings for half of 38 patients with 
moderate to severe pellagra. In 14 of the 19 patients in whom changes 
were detected no other abnormalities which could influence the tracing 
were observed. The changes noted were inversion of the T wave in 
leads I or II or both, a Pardee type of S-T wave and a large T wave. 
Feil expressed the opinion that the heart is physiologically disturbed 
in this disease. 

Of much practical clinical value is the report of Blankenhorn and 
Spies ** on the significance, recognition and treatment of oral compli- 
cations of chronic alcoholism and of alcoholic pellagra. Approximately 
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60 per cent of 200 alcoholic addicts were found to have on the mouth 
and tongue specific lesions of widespread stomatitis. The tongue becomes 
swollen so that impression of the teeth can be seen on its surface; it 
becomes bright red and ulceration may occur. The gums and mucous 
membrane may share in this process. Early treatment, consisting of a 
nutritious diet of 4,000 calories and 75 Gm. of yeast or of liver extract 
daily, caused the lesions to disappear. 

Methods of Recognition and the Frequency of States of Deficiency 
from Lack of the Components of the Vitamin B, Complex.—Knowledge 
of these matters remains in the process of evolution. According to 
Youmans, no reliable symptoms, signs or diagnostic tests are available 
for detection of conditions of minimal vitamin B, deficiency. However, 
a variety of clinical symptoms exist which should lead one to suspect 
the possibility of such deficiency. The occurrence of neuritis of the 
peripheral or optic nerves, of circulatory changes previously noted, of 
unexplained edema and of vague but suggestive digestive symptoms, 
such as anorexia, achlorhydria and poor intestinal tonicity, particularly 
if patients have been on an inadequate diet, should lead perhaps to a 
suspicion of deficiency. Estimation, with Cowgill’s formula, of the 
vitamin B, requirement of the subject and of his previous intake might 
be helpful as additional evidence. As yet estimations of the vitamin B, 
content of the blood and urine require extensive laboratory and biologic 
facilities and are therefore not practicable for ordinary use; also the 
lower limit of vitamin adequacy has not been clearly established for 
man. Therapeutic tests with crystalline vitamin B, also are of diag- 
nostic value, but favorable response to injections of this substance is 
not proof that the patient suffered from a deficiency of the vitamin. 

The diagnosis of pellagra still depends on clinical judgment. Glossitis, 
diarrhea, digestive disturbances and nervous and mental disorders are no 
more than suggestive. The cutaneous symptoms may be characteristic. 


Response of such symptoms to administration of yeast and other prepa- 


rations rich in the vitamin B complex may constitute further evidence. 

The frequency of lesions resulting from vitamin B deficiency is 
uncertain. The observations of Weiss and Wilkins, of Youmans and 
of Scott and Herrmann ™ suggest that states of vitamin B, deficiency 
may be more common than has previously been thought, but more 
objective evidence is necessary before certain knowledge of the fre- 
quency of the disorder can be obtained. Attention should be directed 
to the occurrence of so-called secondary pellagra in the northern part of 
the United States, namely, pellagra secondary to or associated with 
organic disease of the digestive tract, particularly obstructing and 
malignant diseases. 
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VITAMIN C 

In un excellent review of the chemistry and physiologic activity 
vitamin C, King *° pointed out that the period since 1932 has witnessed 
the identification and establishment of the molecular structure 
vitamin C, as well as many exact measurements of its physiochemica 
properties, its synthesis, its commercial production and the development 
of many methods of analysis and of detailed knowledge of its occur 
rence in plant and animal tissues. Moreover, a certain degree of cor 
relation with specific enzyme systems has been worked out and stead) 
but slow advance has been made in understanding its significance in 
relation to the health of man. As far as animal tissues are concerned, 
the two specific rdles for vitamin C which seem to have been clearl; 
established are in respiratory function and in regulation of the colloidal 
condition of the intercellular substance. Its role in relation to respiratory 
function has to do with the vitamin serving as an agent for trans- 
porting hydrogen between unidentified metabolites and other carriers 
or molecular oxygen, by way of two or more oxidase enzyme systems. 
It appears likely that the vitamin affects directly or indirectly many 
additional types of chemical change. Clinical interest has been centered 
principally around the role of vitamin C in the regulation of the colloidal 
condition of the intercellular substance, because the hemorrhagic tend- 
ency which is so characteristic of scorbutic states is the result principally 
of alterations in the intercellular substance of capillary walls. 

Vitamin C is water soluble and readily diffusible and therefore is 
usually easily absorbed from the gastro-intestinal tract. According to 
Klodt,’® this absorption occurs principally in the upper part of the 
intestine. He expressed the belief that bile may aid in the absorption, 
since it retards oxidation of vitamin C in dilute solutions. Under normal 
circumstances variable amounts of the vitamin are lost in the stool or 
destroyed in the gastro-intestinal tract. Measurements of the vitamin 
C content of a large variety of tissues, as well as that of the blood and 
urine, have been made; in fact, the vitamin C content of a single cell 
can be estimated with a fair degree of accuracy. The vitamin C content 
is highest in glandular tissues and lowest in muscle and stored fat. 
Glick and Biskind,”’ using a microchemical method sensitive to + 0.0001 
mg. of vitamin C, have examined the content of this vitamin in the 
various tissues of cattle. The highest recorded value is in the pars 
intermedia of the pituitary body, which contains one and one-half 
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tues more than the pars distalis of the pituitary body or the adrenal 
cortex. The amount present in the corpus luteum roughtly parallels 
amount of luteal hormone, progesterone, in the ovary. 

Methods of testing the vitamin C content of urine depend on the 
capacity of the vitamin as a reducing substance. The principle involved 
rests on the reduction of the vitamin in the urine by titration with the 
dve 2:6 dichlorophenol-indophenol. The principal sources of error 
include the presence of other reducing substances in urine and the 
destruction of vitamin C in urine which is allowed to stand without 
adequate preservative measures. Sendroy and Schultz ‘** have shown 
that the important factors in the preservation of cevitamic acid in the 
urine are oxygen tension, temperature and fy, particularly the first. 
Urine to be tested should be titrated immediately after it has been 
voided, or it may be preserved by addition of 10 per cent by volume 
of glacial acetic acid or it may be kept in a refrigerator in a small 
container from which air is excluded. Sendroy and Schultz estimated 
that their titrations approximated within 10 to 15 per cent of the 
total cevitamic acid content of the urine. A ferricyanide method of 
titration of urine for vitamin C has been used by Tauber and Kleiner.*® 

The quantity of vitamin C in the twenty-four hour output of urine 
of normal subjects is variable and depends principally on two factors: 
the first is the relative approach to saturation of the tissues of the 
subject, and the second is the intake of vitamin C during the period 
over which tests are made. Harris and Ray * placed the average in 
the twenty-four hour output of urine of normal subjects at from 
30 to 33 mg. Johnson and Zilva ** stated as their conclusion that there 
is no definite standard of normality as regards urinary excretion, while 
Wright *? has found the average normal excretion to be from 20 to 30 
mg. daily. However, Youmans and his colleagues ** reported that 
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half of 16 normal controls whose diets were supposedly adequ 
excreted less than 20 mg. daily. These results suggest the variabil 
which probably exists in normal subjects and emphasizes the f: 
that few, if any, conclusions can be drawn from isolated determinati: 
of the urinary output of vitamin C. 

Methods of determination of the reduced cevitamic acid cont 
of the blood serum and plasma have been developed by Abt, Farnie: 
and Epstein ** and by Taylor, Chase and Faulkner.*® 

Taylor and his associates reported that in studies of 33 subjects 
who were free from infection or scurvy the average level of reduced 
cevitamic acid in the blood plasma was found to be 1.61 mg. per hundred 
cubic centimeters, with extreme values of 0.83 and 2.43 mg. Abt and his 
associates stated as their conclusion that values of less than 0.75 or 0.8 
mg. of reduced cevitamic acid per hundred cubic centimeters of blood 
plasma indicate a subnormal intake of vitamin C. Wright, using the 
method of Abt, Farmer and Epstein, found the normal level in adults 
to rest between 0.7 and 1.3 mg. per hundred cubic centimeters of blood 

The classic clinical picture of scurvy is infrequently seen, but reports 
of subclinical and preclinical scurvy, diagnosis of which has been based 
principally on studies of capillary fragility or on the results of urinary 
excretion of a variety of test doses of vitamin C, have appeared frequently 
in the literature. It seems obvious that there is a wide zone of vitamin 
deficiency between scurvy and optimal health. How satisfactorily 
quantitative tests of the intake and output of vitamin C and of its 
concentration in the blood plasma of patients can be used to determine 
the position of a patient in this zone is uncertain. However, it must he 
emphasized that until more is known about the actual daily require- 
ment of vitamin C, about the significance of saturation and about the 
clinical value of test doses, caution must be used in the interpretation 
of-many conditions now called “subclinical” scurvy. 

Studies of “capillary fragility,” or “capillary resistance,” have been 
used for several years as a measure of the adequacy or inadequacy of 
vitamin C nutrition. A variety of different methods of performing the 
test have been developed, and this has further tended to confuse 
the issue. Wright has well summarized the situation in pointing to the 
three distinct schools of thought in regard to the diagnostic significance 
of the method: 1. Those of one school believe that the phenomenon 
is useful and important and that a positive pressure method is probably 
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most satisfactory one. 2. Those of another school believe that 

phenomenon is useful and important, but they feel that a negative 

essure method is more reliable and acceptable. 3. Those of still 

other school feel that studies of the vitamin content of the urine and 

od reveal the entire picture and that the capillary fragility tests are 
misleading and of little value. 

\ny one who takes the time to review the literature in regard to 
this interesting and important phase of nutrition cannot fail to be 
impressed by the variability of the results which have been reported. 
There can be no question that increased capillary fragility is non- 
specific and occurs in a variety of conditions other than deficiency of 
vitamin C, such as thrombocytopenic purpura and increased capillary 
fragility resulting from the toxic effects of neoarsphenamine, carbon 
monoxide, scarlet fever and diphtheria, as well as anemia. Failure of 
patients with scurvy to give evidence of increased capillary fragility has 
been noted by Weld.** On the other hand, there is not always a clear- 
cut correlation between the levels of cevitamic acid in the plasma and 
the urine and the results of capillary fragility tests (Abt, Farmer and 
Epstein and Wright). It seems obvious, therefore, that final con- 
clusions cannot be made as yet delineating the diagnostic value of the 
various methods. It is logical that a positive result of the capillary 
fragility test should lead to the suspicion of a state of deficiency of 
vitamin C and that much weight would be added to this suspicion if the 
test became negative after administration of cevitamic acid. How- 
ever, if scurvy and prescorbutic states are attributable solely to deficiency 
of vitamin C, then final proof of the presence of such a condition will 
have to depend on the demonstration, by objective quantitative data, 
of a deficiency in levels in the plasma and urine or in the response to 
a test dose of vitamin C. As yet these values have not been satis- 
factorily defined for normal subjects. 

The administration of test doses of vitamin C to determine the 
“saturation,” “retention,” “reserve” and “resaturation” of vitamin C 
has been reported to be of value in determining the nutritive status 
of a subject with respect to vitamin C or as a diagnostic test of a 
prescorbutic state. Some of these tests should prove to be of great 
value when normal standards have been established. It does not seem 
reasonable to suggest that a subject must be saturated with vitamin C 
in order to avoid being classed as one suspected of having prescorbutic 
or preclinical scurvy. There is considerable difference of opinion in 
regard to the value of such test doses. Youmans and his colleagues 
reported that, in general, tests of saturation correspond to the tests of 
daily excretion and the probable dietary intake of the vitamin and 
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that a daily excretion of 20 mg. and an excretion of 30 per cent of 
test dose (about 600 mg. in adults) are suggested as the lower lim 
of normal daily excretion and of saturation, respectively. Sendroy ai 
Schultz, on the other hand, suggested that the urinary excretion t 
of cevitamic acid is largely affected by the two variable factors: rela 
tive approach to saturation of the tissues at the beginning of the tes 
and the intake in the diet of the subject during the course of the tes: 
If one can maintain this second factor constant by bringing about 
ingestion and absorption of fixed high doses of cevitamic acid, the 
results of the test may be taken as a measure of the first factor, 
namely, the approach to saturation. The investigators named therefore 
proposed that the total of seven days’ excretion under conditions of 
high daily test dose of 250 mg. of cevitamic acid would be informative 
Under such circumstances these workers have prepared a table of the 
“utilization coefficient” of vitamin C at various ages. In studies of the 
saturation and reserve of vitamin C, O’Hara and Hauck * reported 
that the amount of vitamin C necessary to restore the tissues to satura 
tion after a month on a diet low in vitamin C ranged from 2,200 to 2,800 
mg. when administered in daily doses of 200 mg. They estimated the 
tissue reserves at saturation to be about 2,500 to 3,000 mg. In their 
observations of the excretion of cevitamic acid Archer and Graham ** 
found evidence that the percentage output is much more valuable 
evidence that a patient has scurvy than is the amount of cevitamic acid 
taken before the excretion increased or the amount excreted after a test 
dose. They suggested that one should measure the amount of cevitamic 
acid which must be given before the percentage output rises above 
75 per cent. 

The development of deficiency states does not always indicate a 
previously inadequate diet. Abnormalities of absorption and abnormal 
metabolic demands may precipitate such conditions in the face of an 
adequate diet. As Gagyi*® has pointed out, there are two types of 
avitaminosis C. One is an alimentary type, and the other is a toxic 
type, usually observed in the course of infectious diseases. An excellent 
example of the alimentary type of scurvy is the case reported by 
Moncrieff °° in which scurvy developed in an infant while it was on 
an adequate diet; the scurvy was promptly relieved by intravenous 
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administration of vitamin C. The inhibitory effect which the vitamin 
has on diphtheria toxin, and probably also on other products of 
pathogenic organisms, may be one of the normal defense mechanisms of 
man. It probably explains, in part at least, the frequently observed 
low values for cevitamic acid in the blood and urine in the presence 
of infections. The prophylactic and therapeutic use of vitamin C in 
infections has not produced clearcut results. Encouraging reports have 
been made of its use in association with hormones of the adrenal cortex 
in the presence of diphtheria, although it does not supplant diphtheria 
antitoxin. Encouraging studies of Jungeblut ** have suggested that it 
may be of value in inactivation of poliomyelitis virus in the experimental 
animal. Wright has reported that as a prophylactic against acute infec- 
tions, such as tonsillitis, otitis media and abscess, large doses of vitamin 
C were not of value. Heise and Martin ** expressed the belief that 
in pulmonary tuberculosis there is a rough parallelism between the 
activity of the disease and the daily excretion of vitamin C in the urine 
when the patient is on a controlled diet. They estimated that the 
patient who has tuberculosis requires from 55 to 138 mg. of cevitamic 
acid to maintain a normal rate of excretion, as compared with the normal 
requirement of from 15 to 30 mg. Hasselbach® placed the daily 
requirement, in the presence of active pulmonary tuberculosis, at the 
equivalent of from 100 to 150 mg. of orange juice. 

The relation of gastro-intestinal abnormalities to absorption of 
vitamin C is indicated by the studies of Einhauser,®°* who reported that 
when patients have what he called “gastro-intestinal catarrh,” there is 
disturbance in absorption of vitamin C. This is particularly true if 
patients have achlorhydria; then more rapid oxidative decomposition 
of vitamin C is said to result from the increased alkalinity of the 
intestinal content, as well as from the pathologic bacterial flora, which 
destroys vitamin C. Whether vitamin C is a significant factor in the 
etiology of gastric and duodenal ulcer, or perhaps in hemorrhages which 
occur from such lesions, is an important practical point. Schultzer’s * 


studies indicated that the capillary resistance in such cases is not abnor- 
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mal as compared with the normal. However, Archer and Graham 
reported that in 9 patients with ulcer they found less saturation wi 
vitamin C than in 2 control subjects who gave rather low values 
the vitamin. Similarly, Harris, Abbasy, Yudkin and Kelly ®? found in 
patients with ulcer in a large hospital an average urinary excretion o/ 
5.6 mg. of vitamin C in twenty-four hours, while the average for 74 
adult patients in the hospital was 8.9 mg. It seems clear that in most 
of these cases the low values were related to a low intake of vitamin ( 
on ordinary therapeutic diets for ulcer. It is questionable if lack o{ 
vitamin C is more than a secondary factor in causation of ulcer under 
such circumstances. Its relation to hemorrhage from ulcer is still 
unsettled and obviously requires close scrutiny. 

Interesting but conflicting reports of the relation of vitamin C to 
pigmentation of the skin have appeared recently. Szent-Gyorgyi,®* in 
1934, reported decrease in the pigmentation in Addison’s disease fol- 
lowing the use of cevitamic acid. Wilkinson and Ashford * studied 
3 patients with Addison’s disease and found in all of them deficiency 
in vitamin C; they did not obtain distinct change in pigmentation at 
first but definitely less pigmentation after vitamin C had been admin- 
istered for some time. In a case of pernicious anemia, with pigmen- 
tation of the face, Schroeder and Einhauser *°° did not observe change 
in the pigmentation following the use of liver extract but prompt 
lessening of the pigmentation when 300 mg. of synthetic vitamin C was 
given intravenously for fourteen days. 

Further attempts to relate rheumatic fever and chronic infectious 
arthritis to deficiency of vitamin C have been made by Rinehart,’™ on 
the basis of the similarity of lesions observed in man in these conditions 
and those observed in scorbutic animals with added infection. The 
studies of Sendroy and Schultz and of Schultz + failed to support 
the concept that a condition of deficiency of cevitamic acid is a predis- 
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posing factor in the causation of rheumatic fever ; these studies revealed 
also that clinical manifestations of this disease were not demonstrably 
afiected by the oral or intravenous administration of vitamin C over 
periods of several months. Certainly further observations should be 
carried out in this interesting field. 

In view of the hemorrhagic tendency in scurvy, it was obvious that 
attempts would be made to relate all types of hemorrhagic diseases to 
vitamin C deficiency and to treat them with the vitamin. Disappointment 
has followed almost all such attempts, particularly in thrombocytopenic 
purpura, leukemia, Schonlein’s purpura and hemophilia. Treatment 
of hemorrhagic states with vitamin C should not be carried out blindly 
but should depend on as clearcut evidence as possible that a deficiency 
of cevitamic acid exists. 

Recognition, Frequency and Treatment of States of Vitamin C Defi- 
ciency.—The recognition of scurvy is not difficult, but determination 
of the presence of states of subclinical scurvy or hypovitaminosis C 
may be extremely difficult. Clinical features which might possibly lead 
to the suspicion that the disease is present include hemorrhagic tenden- 
cies, dental caries, spongy gums, abnormal cutaneous pigmentation, 
vague aches and pains, as well as fatigue, pallor, frequent infections, 
anemia and a history of an inadequate diet. 

If suspicions are aroused, the next step to take in determining the 
presence of vitamin C deficiency is to perform the capillary resistance 
test (for technic, see Wright and Lilienfeld’). If the test shows a 
positive result, the evidence is suggestive but not conclusive. A negative 
test does not definitely exclude vitamin C deficiency. After this a 
therapeutic test, performed by administration of vitamin C orally or 
intravenously, with relief of symptoms or reversal of previously positive 
results of the capillary test, probably would be good evidence that the 
deficiency exists. Studies of the level of cevitamic acid in the blood 
and urine and the results of test doses give more objective evidence 
of the status of vitamin C nutrition (see foregoing section for details). 
However, normal values have not as yet been conclusively established. 

The frequency of states of preclinical scurvy, or vitamin C hypo- 
vitaminosis, is unknown, but they are probably more common than 
previously was believed, particularly among members of the lower 
economic groups, among patients who have chronic infectious diseases 
and among those who are under prolonged and restricted dietary care. 
How frequently these states will be found among the general population 
will depend on observations in the future, based on standards as yet 
incompletely established. 
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The normal daily requirement of cevitamic acid of an adult is p 
ably betwen 20 and 50 mg. Ordinary therapeutic doses are usuaily 
200 mg. or less and may be given orally or intravenously. It is advo- 
cated by some to give to patients suspected of vitamin C deficicney 
1,000 mg. daily for several days and thereafter to administer maint. 
nance doses (30 to 50 mg.) with the idea of approaching saturation 
and of overcoming any tendency to deficiency which may exist. 


VITAMIN D 

Interest in wtamin D has been much increased because of the 
apparent multiplicity of substances which possess antirachitic proper- 
ties. Because of variabilities in absorption and utilization of these sub- 
stances by the same and different species of experimental animals, the 
difficulty of the problem has been multiplied. Further difficulties have 
arisen because of the variability in reports arising from the multiplicity 
of products formed by the irradiation of ergosterol. Bills *°* has pre- 
sented evidence from chemical studies and bio-assays that at least eight 
distinct forms of the vitamin have been prepared by irradiation of 
materials containing provitamins. The three common sources of animal 
origin—fish liver oils, viosterol and irradiated milk—represent at least 
three chemically different vitamins D. From an extensive review of 
the literature Jeans ** gave as his conclusion that vitamin D of animal 
source appears to be more potent for the use of man than vitamin D 
of vegetable source. Those interested in the chemical problems of vita- 
min D are referred to the excellent summaries of Bills *°* and McCol- 
lum.?°° 

The mode of action of vitamin D is little understood. It is essential 
for adequate mineralization of bones and teeth and is therefore closely 
related to the metabolism of calcium, phosphorus and parathyroid hor- 
mone. Heymann *” recently scrutinized this problem, particularly from 
the standpoint that vitamin D may act in a hormonal rdéle in phosphate 
metabolism, as parathyroid hormone acts in calcium metabolism. He 
could find no evidence for such a hypothesis, although he found that 
vitamin D increased the diminished inorganic phosphate content of the 
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blood in rickets. Nicolaysen,’®* in his study of the mode of action of 
vitamin D in rats, suggested that its action in phosphate metabolism 
is to increase the supply of phosphate from the intestinal contents to the 
blood stream and thence to the tissues. He could not produce evidence 
that it acted by maintaining a balance between the different forms of 
phosphorus in the organism. Warkany *** recently has reported attempts 
at estimation of the vitamin D content of the blood serum. Using 
a method of bio-assay, he found that in man the values are from 45.9 
to 135 U. S. P. units for each hundred cubic centimeters of serum, 
with an average value of 99.09 units. When rabbits were given by 
mouth 0.1 cc. of viosterol containing 100,000 U. S. P. units, there was 
elevation of the level of vitamin D in the serum in six hours. In 
twenty-four hours the maximal rise was present, amounting to about 
2700 U. S. P. units for one hundred cubic centimeters. This level was 
maintained for three or four days; it gradually became decreased, and 
normal levels were not attained until from four to six weeks later. 
During this period significant changes in phosphorus, calcium or phos- 
phatase content of the serum were not noted. 

There has been much controversy in recent years over the effective- 
ness of various therapeutic measures in the prevention of rickets and 
the healing of the lesions. Friedman,’*® in 1934, after an extensive 
review of the literature, pointed out, for example, that there is extensive 
clinical evidence to the effect that far fewer units of vitamin D in the 
form of milk containing vitamin D are required to protect against 
rickets or to heal rachitic lesions than are required with other anti- 
rachitic agents. This subject has been reviewed again this year (1936), 
for the Council on Foods of the American Medical Association, by 
Jeans; and with material made available from reports in recent years, 


‘ 


he concluded that “such evidence as is available may be interpreted 
to show that cod liver oil, cod liver oil concentrate milk, and irradiated 
milk are of equal potency for the human being, unit for unit.” 

One source of error which may be overlooked by clinicians is the 
translation of results of work on the prevention of rickets and healing 
of rachitic lesions in rats and chickens to results obtainable in rickets 
of infants. No clearcut relation has been established among these 
groups. Massengale and Bills *** explained that the conflicting reports 
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on the relative effectiveness, rat unit for rat unit, of cod liver oil :nd 
viosterol for chicks lies in the fact that these materials are not bros|y 
comparable. Their relative efficacy fluctuates with the degree of calcifj 
cation: The difference is small at low calcification, one hundred tines 
at “normal” calcification and great in production of extra hard bon 

Another source of error may be the frequency of administration and 
the dilution of the preparation that contains vitamin D, since absorption 
is undoubtedly an important factor. Lewis *!* has observed, for exam- 
ple, that in a group of 441 infants given vitamin D at three different 
levels (145, 290 and 1,450 units of crystalline vitamin D) in 28 ounces 
(840 cc.) of milk, in 7 drops of corn oil or in 7 drops of propylene 
glycol, rickets developed in those who received milk less frequently 
than in the others. 

While the conclusion based on the work of many observers seems 
acceptable that, unit for unit, animal sources of vitamin D are essentially 
equal in antirachitic potency, there has been divergence of opinion in 
regard to the relative effectiveness of “yeast milk” (milk from cows 
fed irradiated yeast). 

Evidence has been presented by Haman and Steenbock *** that in 
the chick a distinct difference exists between the antirachitic activity 
of “yeast milk” and “irradiated milk.” In fact, yeast milk was approxi- 
mately a tenth as effective as irradiated milk. Bethke and _ his 
co-workers *** obtained similar results. In a clinical study Davidson 
and his associates **° reported that the feeding of yeast milk to prema- 
ture infants as the sole source of vitamin D proved to be inadequate 
for achieving complete protection against rickets. As a result of his 
review, Jeans has concluded that, on the basis of unit for unit, yeast 
milk and viosterol milk are of the same value, that irradiated milk and cod 
liver oil concentrate milk are of the same value and that irradiated 
milk is superior to yeast milk, but on the basis of a difference probably 
not more than 1.5:1. This ratio is based entirely on curative experi- 
ments, and, as Jeans pointed out, corroboration by preventive experi- 
ments is highly desirable. 
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he constituent of milk which is important in increasing its anti- 
racliitic potency has been shown by Supplee and his associates ‘**® to 
he associated with the lactalbumin fraction. 

Of greatest practical value in the problem of vitamin D is the dosage 
of the vitamin in the prophylaxis and treatment of rickets. In an 
excellent summary of their experience with viosterol over a period of 
six years at the Johns Hopkins Hospital, Shelling and Hopper *™* stated 
the conclusion that for full term infants a daily dose of 5 drops of 
viosterol, containing about 1,125 U. S. P. units, is efficacious in pre- 
venting rickets. For prematurely born infants and for babies growing 
at a too rapid rate, it may be advisable to administer from 15 to 20 
drops of viosterol daily for the first three or four months of life and 
thereafter 5 drops, as for full term infants. In the treatment of rickets 
these workers employed doses of from 15 to 60 drops of viosterol daily, 
depending to some extent on the severity of the disease and the age 
of the infant or child. The average period required for healing was 
three and seven-tenths months. In groups receiving from 30 to 60 


drops daily the average time for healing was not shortened, indicating 


that larger amounts than 20 drops of viosterol daily are not always 
more efficacious in inducing more rapid healing. Total refractoriness 
to viosterol was not encountered in the entire series, and partial refrac- 
toriness was noted in 1 case only. Toxic manifestations were never 
encountered, in spite of the fact that some children received viosterol 
in doses of from 30 to 60 drops daily for many months. Jeans con- 
cluded that animal-source vitamin D milk, with 135 U. S. P. units to 
the quart (1,000 cc.), will prevent rickets but that prevention of rickets 
is not a criterion of the adequacy of intake of vitamin D. He expressed 
the belief that animal-source vitamin D in the amount present in 1 
standard teaspoonful of average high grade cod liver oil or in milk 
containing 400 U. S. P. units to the quart (1,000 cc.) is adequate 
for the infant from the standpoint of retention of calcium and growth. 
3eyond the age of infancy the exact requirement of vitamin D under 
any specified condition is unknown, but it appears to be increased 
during pregnancy and lactation. 

The relation of diet, and particularly of vitamin D, to dental caries 
was emphasized in last year’s review. Since that time a final report "8 
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of the Committee on Dental Disease, appointed by the Medical 
Research Council, in England, has been issued, entitled “Influence 
of Diet on Caries in Children’s Teeth.” Among the conclusions is the 
following statement: 

The investigations described in this report show conclusively that a relative! 
high vitamin D content of the food can do much to diminish the incidence of 
caries if the vitamin is given during the development of the teeth, that 4 
beneficial effect may be obtained if the vitamin is given at a fairly late stage 
of development, and that even when it is given after the eruption of the teeth, 
the onset and spread of caries is delayed. 


Concerning the series of 290 children carefully studied for a period 
of two and a half years, the committee reported that the addition of 
cod liver oil or vitamin D to the basal diet (which was a good one) 
reduced by half the incidence of caries in newly erupted teeth. To 
some extent a prophylactic effect was noted on previously erupted 
permanent and deciduous teeth. 

The use of vitamin D to aid the healing of fractures has led to a 
variety of opinions, and conclusions will not be possible until further 
controlled work has been done. Deficiency of vitamins A and D or 
of vitamin D alone in the presence of experimental fractures in 
guinea-pigs leads to defective healing, principally because of defective 
formation of cartilage in the callus, according to Hertz,"° who has 
provided an excellent summary of this problem. 

The role of vitamin D in the metabolism of calcium and the rela- 
tion among calcium, phosphorus, parathyroid hormone and vitamin D 
have not been clearly elucidated. In an interesting study of the etiology 
and diagnosis of hyperparathyroidism Wilder and Howell '*° stressed 
the important relation which has been shown to exist in experimental 
animals between insufficiency of vitamin D, on the one hand, and 
hyperplasia and hypertrophy of the parathyroid bodies, on the other 
hand. It is possible that vitamin D may be of some significance in 
the development or activation of adenoma of the parathyroid glands 
or in hyperplasia of these glands in man. 

The use of large doses of vitamin D in cases of arthritis has been 
of considerable interest. Dreyer and Reed,’ in a report of the prog- 
ress in 280 unselected cases of arthritis, noted encouraging responses 
in many cases. Relief of pain, lessened disability and improvement 
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general condition were reported in relation both to infectious and 

ypertrophic arthritis. On the other hand, the reports of Wyatt 
d his associates '** and of Vrtiak and Lang ‘** revealed results about 
commensurate with those of other types of treatment for arthritis. 
Dreyer and Reed used doses of 200,000 U. S. P. units daily and 
maximal doses of 300,000 units. Care must be taken to avoid toxic 
doses. The usual symptoms of toxicity are anorexia and gastro- 
intestinal and urinary irritability. Occasionally persons apparently may 
be sensitive to vitamin D, for Thatcher '** reported the case of a child 


siven large, but not excessive, doses of vitamin D, who died appar- 


ently of vitamin D hypervitaminosis and who presented calcification 
in the kidney of sufficient degree to be noted at postmortem exami- 
nation. 

Recognition of States of Vitamin D Deficiency—The diagnosis 
of well developed rickets is not difficult. In cases of mild involvement 
the most reliable method is roentgenologic examination of bones. Esti- 
mation of the phosphatase content of the serum also may be of value. 
For adults no definite criteria are available. Osteoporosis and changes 
in the levels of calcium and phosphorus in the serum may occur as 
a result of a variety of lesions involving calcium and phosphorus 
metabolism and the parathyroid bodies. 

One might suspect vitamin D deficiency in patients with unusual or 
rapidly developing dental caries, osteoporosis, osteomalacia, tetany and 
insufficiently explained fractures. The condition is most likely to occur 
during pregnancy and lactation and in celiac disease, sprue and chronic 
jaundice. 

VITAMIN E 

Interest in the possible clinical significance of vitamin E has arisen 
because of reports in the literature regarding the use of wheat germ 
oil in the treatment of habitual and spontaneous abortion. Evans and 
his associates **° have announced the isolation and have described the 
properties of an alcohol, a-tocopherol, which has the properties of 
vitamin E. Of 11 patients subject to habitual abortion (three to fif- 
teen abortions) Watson '** reported that 9 went to term and were 
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delivered of normal children and that 6 of them completed pregn 
for the first time. Currie?** also has reported good results. 
what the relationship may have been between habitual abortion 


vitamin E deficiency in these cases is uncertain. The work of | 
lands and Singer '*® suggested that vitamin E helps to maintain thy 
normal activity of the corpus luteum during early pregnancy, not }) 
direct action but by stimulation of the gonadotropic functions of th: 
pituitary body. 

The Cooperative Committee of the Council on Pharmacy and 
Chemistry and of the Council on Foods, previously mentioned, has 
declared that there is no evidence to indicate that vitamin FE has any 
therapeutic merit and has suggested that the Council on Foods refuse 
to accept any vitamin E preparation. 


VITAMIN G (SEE VITAMIN B COMPLEX ) 
VITAMIN K 


Considerable interest has been shown in the past year in the relation 
between hemorrhagic conditions and deficiency states. The importance 
of vitamin C has already been emphasized. That other factors may 
be significant was reported by Dam **° in 1935, since he noted a hemor- 
rhagic tendency resembling scurvy in chicks, not prevented by admin- 
istration of cevitamic acid but produced apparently by a fat-soluble 
substance which he called vitamin K. Almquist and Stokstad *°° have 
reported that this vitamin is present in the fecal matter of chicks 
which are not receiving this factor in the diet and have expressed the 
belief that it is probably synthesized to some extent in the lower 
portion of the intestinal tract. The action of this substance, which 
occurs particularly in green vegetables, pig liver fat, hemp seed and 
alfalfa, most likely is attributable to the reduced content of prothrom- 
bin in the blood of chicks which are deficient in the substance, accord- 
ing to Dam and his associates *** and to Schgnheyder.'*? The clotting 
time can be restored to normal in three days by administration of 
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he substance in which the animal is deficient. In rabbits Quick *** 


th 
has produced a hemorrhagic tendency with reduction of prothrombin 
by feeding spoiled sweet clover hay. He has expressed the belief that 
such hay contains a toxic substance which either destroys prothrombin 
or inhibits the mechanism by which the body produces this clotting 
factor and that alfalfa exerts a curative effect by supplying an acces- 
sory factor not identical with, but possibly related to, vitamin K and 
required by the organism for synthesis of prothrombin. 

The importance to man of vitamin K, or of the related factor 
reported by Quick, has not been noted. Attention should be directed 
toward the possible role of these factors in the hemorrhagic tendencies 
of man. 

THE OCCURRENCE OF OTHER ESSENTIAL FOODSTUFFS 

Each year sees the reports of substances considered essential for 
normal nutrition and not included in the present list of vitamins or 
minerals. Two such reports in the past year suggested new dietary 
essentials. Elvehjem and his collaborators ‘** in their experiments with 
rats identified a water-soluble, heat-labile factor, now called “alcohol- 
ether precipitate factor,” distinct from any of the known dietary essen- 
tials. In the absence of this factor complete failure of growth of 
rats results, and the authors expressed the belief that this factor may 
explain the difficulty which previously has been encountered in the 
use of synthetic rations. A fat-soluble substance has been found by 
Goettsch and Pappenheimer *** to be essential for chicks; they have 
found that absence of this substance leads to lesions of the nervous 
system. While the deficiency state produced is similar to that result- 
ing from absence of vitamin B,, this new factor is fat soluble, whereas 
vitamin B, is water soluble. 

Zinc.—Evidence that zinc is indispensable for rats has been dem 
onstrated by Elvehjem and his colleagues.*** Lack of this metal leads 
to retardation of growth and interference with development of a nor- 
mal coat of hair. In man the only definitely known relationship of 
zinc to health is in its relation to the prolongation of action of insulin. 

Iron—Anemia attributable to nutritional deficiency of iron is of 
common occurrence. Murphy **? has emphasized the fact that hypo- 
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chromic anemias are true deficiency diseases and are attributab|; 
an inadequate supply or inadequate utilization of iron. This may c 
about as a result of loss of iron, as in cases of chronic hemorrha; 
from insufficient intake or absorption, or from unsatisfactory util 
tion, about which little is understood. 

In their studies of the utilization of iron in experimental anemia 
of dogs, Whipple and Robscheit-Robbins '** have come to the conclu 
sion that iron given intravenously will return quantitatively as newl, 
formed hemoglobin on the basis of 10 mg. of iron for 3 Gm. of hemo 
globin. The influence of iron when given by mouth on production 
of hemoglobin is not proportional to the dose. The optimal dose of 
iron (40 mg. per day for two weeks, or 560 mg.) gives a return of 
about 55 Gm. of hemoglobin and amounts to 35 per cent utilization. 
With larger doses of iron, for example, 400 mg. daily, the daily output 
of about 95 Gm. of hemoglobin represents about 5 per cent utilization 
These observers found that iron salts are utilized with equal facility 
by the dog to produce hemoglobin when given by mouth in the ferrous, 
ferric or reduced state. The determining factor is the amount of metal- 
lic iron. Interesting studies on the absorption of iron in the dog have 
led Scheunert and Briiggemann **° to the conclusion that reduced iron 
is absorbed better than is iron in colloidal form. In their dogs with 
ileal fistulas they found that more than 66 per cent of the iron given 
in various preparations was usually absorbed. 

Interference with absorption of iron by some patients who have 
achlorhydria has been known to be a cause of hypochromic anemia 
Apparently the hydrochloric acid in gastric juice is an important aid 
in absorption of iron. In this connection the studies of Kellogg and 
Mettier,’*? on the effect of alkaline therapy in relation to utilization 
of dietary iron and to regeneration of hemoglobin in cases of peptic 
ulcer, are worthy of note. While they studied only a small number of 
patients, the results indicated clearly that the bone marrow of patients 
undergoing alkaline therapy failed to respond to the ingestion of 
dietary iron as determined by production of hemoglobin. When the 
alkaline regimen was discontinued, increase in the concentration of 
hemoglobin occurred. In contrast, increase in the number of erythro- 
cytes and reticulocytes occurred soon after the addition of iron-rich 
diets to the alkaline regimen. The likely conclusion is that alkalini- 
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‘n Experimental Anemia, Am. J. M. Sc. 191:11-24 (Jan.) 1936. 

139. Scheunert, A., and Briiggemann, J.: Ueber Eisenresorption bei Tleum- 
fistelhunden, Nutrition Abstr. & Rev. 5:1031-1032 (April) 1936. 

140 Kellogg, F., and Mettier, S. R.: Effect of Alkaline Therapy for Peptic 
Ulcer on Utilization of Dietary Iron in the Regeneration of Hemoglobin, Arch. 
Int. Med. 58:278-284 (Aug.) 1936. 
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zati of the upper part of the gastro-intestinal tract interferes with 
utilization of dietary iron for the synthesis of hemoglobin but not 
with the utilization of material necessary for the formation of the 
stroma of erythrocytes. 

(he success with which iron can be used in the prevention of 
hypochromic anemia during pregnancy is suggested by the observations 
on 200 women during the last four months of pregnancy by Corrigan 
and Strauss.41 Twenty-four of 100 patients to whom iron was not 
siven had values for hemoglobin of less than 70 per cent post partum. 
On the other hand, none of the 100 women who received 0.5 Gm. 
of ferrous sulfate daily during the last four months of pregnancy 
had less than 70 per cent of hemoglobin post partum. 


PREGNANCY AND LACTATION 

In an interesting review of recent work on dietetics in which the 
attempt was made to correlate and assess requirements for various 
dietary essentials during pregnancy and lactation, Garry and Stiven '* 
pointed out certain conclusions which should be of practical value in 
the future. It was clearly emphasized that present knowledge does 
not permit categorical statement of the amounts of the various dietary 
essentials which are required for correct nutrition during these periods 
of physiologic activity. General principles are still the guide-posts. 
However, standards have been set by the League of Nations Health 


Committee (Technical Commission) ; !*° 


and although these standards 
are high, they are probably necessary, and, as the authors pointed 
out, the evidence from dietary surveys indicates that many dietaries 
may fall far below these standards. Since during pregnancy and 
lactation the maternal organism is subjected to special demands which, 
in a sense, may be considered efficiency tests, it seemed logical to Garry 
and Stiven that dietary deficiencies in a population are likely to be 
evidenced more clearly among pregnant and nursing women than 
among the general adult population. From the practical standpoint, 
as McIlroy *** has intimated, the real solution lies in the kitchen rather 
than in the laboratory or hospital ward. 

The collected data indicate that under ordinary circumstances diet 
has little effect on birth weight; this seems to depend more on the 


141. Corrigan, J. C., and Strauss, M. B.: The Prevention of Hypochromic 
Anemia in Pregnancy, J. A. M. A. 106:1088-1090 (March 28) 1936. 

142. Garry, R. C., and Stiven, D.: A Review of Recent Work on Dietary 
Requirements in Pregnancy and Lactation, with an Attempt to Assess Human 
Requirements, Nutrition Abst. & Rev. 5:855-887 (April) 1936. 

143. Technical Commissioner’s Report on Physiological Bases of Nutrition, 
League of Nations Health Committee, quoted by Garry and Stiven.142 

144. McIlroy, L., and others: Discussion on Diet in Pregnancy, Proc. Roy. 
Soc. Med. 28:1385-1406 (Aug.) 1935. 
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growth impulse of the child and on the mother’s constitution ; \ay 
on the mother’s intake of food. Little information is available al. jy 


the effect of variation in protein content of the diet in pregnaicy 
The impression seems to be general that excess of proteins, or of 
particular proteins, is harmful, and restriction of intake of meat 
is advised rather widely during pregnancy, Strauss **° has produced 
evidence that a diet low in protein may in some cases be the cause of 
toxemia of pregnancy. He has reported successful treatment in some 
cases with a diet high in protein supplemented by vitamin B, and 
liver. The Technical Commission (League of Nations) has advised an 
intake of protein during pregnancy of 2 Gm. for each kilogram of 
body weight, which seems high, in the early stages of pregnancy. 
The requirement of iron during pregnancy is variable. A variety of 
factors, such as vomiting and interference with absorption from hypo- 
acidity, may alter the requirement. Macy and Hunscher *** estimated 
the desirable intake as 20 mg. of iron a day, and Coons and Coons '* 
discovered that the addition of wheat germ to a diet already providing 
20 mg. of iron a day greatly increased the storage of iron. The League 
of Nations (Technical Commission) has recommended the use of 
1 quart (1,000 cc.) of milk daily to satisfy the calcium requirement 
of the pregnant woman. For lactating women the commission has 
recommended 2 Gm. of calcium daily. The requirement for vitamins 
is difficult to establish, but the commission has recommended 9,000 
U. S. P. units of vitamin A, from 150 to 250 international units of 
vitamin B, from 870 to 1,120 international units of vitamin C and 340 
U. S. P. units of vitamin D both during pregnancy and during lactation 


THE FREQUENCY, RECOGNITION AND TREATMENT OF 
DEFICIENCY STATES 
In the review last year *° some of the interesting phases having 
to do with the problem of nutrition of the people as a whole were 
discussed with particular reference to malnutrition, the influence of 
the economic depression on dietary habits and intake and the poten- 
tialities of an adequate diet with reference to the individual and the 


145. Strauss, M. G.: Observations on the Etiology of the Toxemias of Preg- 
nancy: Relationship of Nutritional Deficiency, Hypoproteinemia, and Elevated 
Venous Pressure to Water Retention in Pregnancy, Am. J. M. Sc. 190:811-824 
(Dec.) 1935. 

146. Macy, I. G., and Hunscher, H. A.: An Evaluation of Maternal Nitrogen 
and Mineral Needs During Embryonic and Infant Development, Am. J. Obst. & 
Gynec. 27: 878-888 (June) 1934. 

147. Coons, C. M., and Coons, R. R.: Some Effects of Cod Liver Oil and 
Wheat Germ on the Retention of Iron, Nitrogen, Phosphorus, Calcium and Mag- 
nesivm During Human Pregnancy, J. Nutrition 10:289-310 (Sept.) 1935. 











WILDER-WILBUR—NUTRITION 549 





rac’. As knowledge advances a much clearer conception is being gained 
of the qualitative and quantitative dietary requirements of man. How- 
ever, the problem is a much greater one than simply an understanding 
of such requirements, for, as was pointed out in a recent interim report 


x 


of a League of Nations committee,’** agricultural, economic and health 
aspects are equally important. It is stated that “the evidence that 
inadequacy of diet is widespread is conclusive, malnutrition is manifest 
in prevalence of rickets, scurvy, poor musculature, teeth of poor 
structure, anemia, chronic fatigue, poor condition of the skin, and sub- 
normal growth and weight to mention the most easily observable symp- 
toms.” Emphasis is placed on the well known fact that protective 
vitamin-containing foods are expensive and, therefore, from _ the 
economic standpoint the greatest single cause of defective nutrition 
is poverty. The importance of nutrition as a part of medicine is clearly 
demonstrated by the establishment of a section of nutrition by the 
British Medical Association. 

The influence of the depression on the nutrition of the American 
people has been analyzed recently by McLester.’*? He has approached 
the problem from the standpoint of ‘“‘(a) the weight and the increment 
of gain among school children, as recorded before and after the depres- 
sion; (b) the weights of the employed and unemployed among work- 
ing men together with estimates of fitness; (c) the testimony of 
welfare agencies, and (d) the clinical observations of a selected group 
of physicians.’”” He expressed the belief that, on the whole, the figures 
suggested that the nutritive state of the American school child has 
not suffered during the depression and that there has been no wide- 
spread undernutrition among the general population. The incidence of 
deficiency diseases, as observed by a group of clinicians throughout 
the country, shows slight if any increase, with the possible exception 
of a few areas. McLester expressed the belief that these good results 
are largely attributable to education. 

While it seems evident that the incidence of clearly recognizable 
deficiency states has not increased appreciably, there has been much 
discussion of the incidence of occurrence of partial deficiencies, the 
diagnosis of which depends in large part on keen and critical observa- 
tions, on chemical or pathologic studies and on other laboratory 
methods. Minot **° expressed the belief that such borderline states 
of nutritional instability. are more common than usually is appreciated, 
since there is a wide zone between optimal nutrition and the level 


148. The Problems of Nutrition, editorial, Brit. M. J. 2:396 (Aug. 22) 1936. 
149. McLester, J. S.: Influence of the Depression on the Nutrition of the 
American People, J. A. M. A. 106:1865-1869 (May 30) 1936. 

150. Minot, G. R.: Nutrition and Deficiency Disease, New York Times, Sept. 
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at which classic symptoms of recognized deficiency states de\: \op, 
The use of chemical methods, particularly of those which 
estimation of the vitamin content of the urine, blood and other tissues. 


opens up an entirely new field in the recognition of deficiency states, 
although interpretation of results is still of questionable diagnostic 





















significance. 

In each section earlier in this review note has been made of methods 
of recognizing specific deficiency states. It is important to remember 
that deficiency states may occur alone or in association with other 
diseases, that a carefully taken dietary history may be of considerahk 
value and that, with the use of pure preparations of vitamins, a thera 
peutic trial may aid in establishing the diagnosis. 

In his efforts to recognize deficiency states the clinician must pay 
particular attention to the types of patients who may be expected 
to suffer from such conditions. Deficiencies may result from a variety 
of causes other than an inadequate diet. All the following factors 
may be significant in predisposing to deficiency: increased require- 
ments during periods of rapid growth, pregnancy, infections and fever 
and when the metabolic rate is elevated; loss of abnormal quantities 
of essential substances (for example, by vomiting or diarrhea) ; 
impaired or altered gastro-intestinal function, and alteration in the 
metabolism of the vitamins (for example, in storage, destruction and 
utilization). Of these various factors, the most important from the 
standpoint of frequency are a diet that is inadequate because of pov- 
erty, because of faddism or, at times, because of treatment of disease 
and alteration in  gastro-intestinal function (see the following 
comment ). 

In the treatment of deficiency states the most important factor 
is a well balanced, adequate diet which can be supplemented when 
necessary by preparations containing vitamins in concentrated form 
Too much emphasis cannot be placed on the value of giving vitamins 
in a natural state. This is particularly true in relation to components 
of the vitamin B complex. Crystalline preparations of vitamin B, are 
of undoubted value in specific conditions, but because of the uncer- 
tainty of the number of components of the vitamin B complex which 
are necessary for normal health, it seems wise to supplement in most 
cases, and except under conditions of experiment, the administration 
of the crystalline product with preparations such as brewers’ yeast 
or wheat germ, which contain all the essential components. 

If vitamin preparations can be successfully given orally, this seems 
the most desirable method of administration because it approaches 
the normal. Intramuscular and intravenous routes of administration 
have given more rapid response in some cases. The minimal require- 
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ment of each vitamin has not been clearly established, and experience 
has shown the wide zone which may exist between minimal and opti- 
mal requirements. Optimal levels are probably ideal levels. For 
therapeutic purposes, doses much larger than optimal requirements 
may be used. So far as is known, vitamin D is the only vitamin which 
in large doses can produce toxic effects. 

Vitamin A can be administered in a. variety of foods, either those 
which contain the elements in the form of the vitamin or as carotene. 
Carotene is not as well absorbed as vitamin A, and consequently in 
most circumstances the vitamin is the more satisfactory preparation 
to use. Preparations of vitamin A for parenteral use have not proved 
satisfactory, but crystalline carotene can be used as a substitute. Fish 
liver oils, particularly those of the halibut, cod and burbot, are rich 
sources of vitamin A for therapeutic use. 

The vitamin B complex can be given in the form of brewers’ yeast 
or wheat germ. Concentrates of vitamin B,; liver extract, which is 
high in vitamin B, (G) content, and crystalline vitamin B, (now 
synthetically prepared) are all useful. The crystalline preparation can 
be used parenterally in therapeutic doses of from 10 to 20 mg. daily. 
In the treatment of pellagra Spies '°' has emphasized the importance 
of giving large doses of yeast or wheat germ and has recommended 
from 75 to 100 Gm. daily. 

Vitamin C can be given in the form of citrus fruit or tomato juice 
or in crystalline preparations by mouth or intravenously. The daily 
requirement lies probably between 30 and 50 mg., and therapeutic 
doses range from 50 to 200 mg. daily. 

For the child the Council on Foods of the American Medical Asso- 
ciation recommends the daily use of 2 teaspoonfuls of cod liver oil 
(N, N. R., 1936) for a satisfactory intake of vitamins D and A. 
Irradiated milk, viosterol and irradiation of the skin are all good 
therapeutic sources of vitamin D. For dosages reference may be made 
to the articles of Jeans and of Shelling and Hopper. The Council on 
Pharmacy and Chemistry of the American Medical Association '°* has 
taken a firm stand against the use of “shotgun vitamin therapy.” 
Absence of evidence of the value and safety of such preparations and 
the frequent lack of necessity of taking them are emphasized. Shoddy 
diagnosis and treatment of actual and suspected deficiency disease 
should, by all means, be avoided if rapid and clearcut progress is to 
be made in this important field. 


151. Spies, T. D.: Treatment of Pellagra, J. A. M. A. 104:1377-1380 (April 
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152. Shotgun Vitamin Therapy, report of Council on Pharmacy and Chemistry, 
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THE GASTRO-INTESTINAL TRACT IN RELATION TO 
DEFICIENCY DISEASES 
The relationship between gastro-intestinal disturbances and 
ciency states may be a reciprocal one. It has been clearly established 
that abnormalities of the tract may lead to deficiency states, and jt 
is equally certain that deficiency states may lead to pathologic changes 
in the gastro-intestinal tract. Under certain conditions it is not clear 
which of the two comes first in a given case or whether they may 
be independent parts of the clinical picture. 
Alterations in gastro-intestinal function which may produce a defi- 
ciency state have been classified by Wilbur and Snell *** as follows: 
(1) inadequate intake of food (attributable to anorexia, incomplete 
diet and so forth) ; (2) loss of essential secretions or of food (attribu- 
table to vomiting, diarrhea or external fistula) ; (3) lack or decreased 
production of essential substances (for example, of hematopoietic 
factors, bile and digestive juices), and (4) inadequate intestinal 
absorption (attributable to obstruction, short-circuiting produced by 
a gastro-intestinal fistula, atrophy or disease of the intestinal mucosa) 
Numerous cases illustrating these points have been reported in the 
past year. Perhaps the most interesting have to do with the influence 
of lack of bile on the absorption of vitamin A (see section on vita- 
min A). Bissell and Andrews *** have made extensive studies of 
acholic cachexia in dogs and have reported that anemia, osteoporosis 
and gastroduodenal ulceration did not develop. The lives of the dogs 
were not prolonged by subcutaneous administration of vitamin D. 
The investigators concluded that acholic cachexia is not attributable 
to absence of bile from the intestinal tract, with consequent inability 
to absorb any specific food or vitamins. Klodt expressed the belief 
that bile facilitates absorption of vitamin C in the small bowel by 
considerably retarding oxidation of dilute solutions of vitamin C. 
The effect of achlorhydria on gastro-intestinal function has been 
widely explored. In the past year Einhauser has pointed out that 
utilization of test doses of vitamin C by patients with achlorhydria 
is disturbed because of inadequate absorption. With Schroeder he 
reported a case of pernicious anemia with pigmentation of the face 
unaffected by treatment for pernicious anemia but promptly corrected 
by 300 mg. of cevitamic acid given intravenously each day for four- 
teen days. 
There has been much discussion of the effects on the gastro- 
intestinal tract of deficiency states. Much of the work reported has 


153. Wilbur, D. L., and Snell, A. M.: Unpublished data. 
154. Bissell, A. D., and Andrews, E.: Acholic Cachexia: Experimental 
Studies, Arch. Surg. 32:624-668 (April) 1936. 
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becn based on animal experiments. Attempts to prove nutritional 
deficiency as an etiologic factor of such conditions as peptic ulcer 
generally have met with failure. Hurst *** stated that he had never 
found any evidence for a nutritional origin of a gastro-intestinal dis- 
ease in England. Stepp *** gave the opinion that deficiency of vita- 
min A may lead to a reduced hydrochloric acid content of gastric 


juice, interference with absorption and diarrhea. McCarrison ?°" 


expressed the belief that vitamin A deficiency leads to infections in the 
digestive tract. A summary of the effect of deprivation of vitamin A 
on the gastro-intestinal tract was presented by Robertson.’** The 
close relationship which may exist between components of the vita- 
min B complex and digestive function is illustrated by the accom- 
panying atrophy of the papillae of the tongue, anorexia, achlorhydria 
and hypotonicity and hypomotility of the musculature, particularly of 
the small intestine. In a study of the effect of vitamin B, deficiency 
on the gastric juice of 2 healthy subjects, Alvarez and his co-workers 
did not find definite changes in concentration of hydrochloric acid 
or pepsin after six weeks (vitamin-calory ratio of 1.2 instead of Cow- 
gill’s minimum normal of 1.8). Villaret and his associates,’®® in their 
study of the character of gastric disorders in the course of alcoholic 
polyneuritis, found achlorhydria and hypochlorhydria with atrophic 
gastritis to be not uncommon. Improvement in these abnormalities 
preceded improvement of the neuritis after treatment was instituted. 
In rats Simpson could not find atrophy, ulceration or erosion of the 
gastric mucous membrane in vitamin B, deficiency. He expressed the 
belief that many of the variable reports in the literature are attributable 
to lack of uniformity in choice of animals and in dietary standards. 
Changes in enzymes which may accompany vitamin B deficiency have 
been incompletely studied. Kik, Sure and Buchanan have noted inter- 
esting changes which have been reported previously in this review (see 
section on vitamin B complex). Little is known of the effect of 
vitamin B, (G) deficiency on the intestinal tract, although the presence 
of the vitamin is thought to be necessary to maintain the mucosa in 
normal condition. Absence of vitamin C was reported by McCarrison 
to lead to congestion, hemorrhage and ulcerating lesions. 
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The remarkable effect of liver extract on hematopoietic function 
constitutes the outstanding therapeutic value of this substance in per- 
nicious and other macrocytic anemias. That substances in liver extract 
may influence also gastro-intestinal function has not been well recog- 
nized. In a recent report Jones, Benedict and Hampton *® noted the 
gastroscopic, surgical and roentgenologic observations which they made 
in a group of 5 patients with pernicious anemia. Following  suc- 
cessful specific therapy of pernicious anemia, evidence of atrophy or 
hypertrophy of the gastric mucosa tended to disappear; Jones, Bene- 
dict and Hampton expressed the belief that this effect was attributable 
not only to increased blood supply but also to epithelial change asso- 
ciated with successful treatment of a specific deficiency state, rather 
than to healing of a chronic inflammatory process. In an equally 
interesting paper, Miller and Rhoads **' reported studies of the small 
intestine of a patient who had sprue without anemia. Following injec- 
tion of liver extract there was a return toward normal form and 
function of the intestine, as was evidenced by roentgenologic study 
as well as disappearance of symptoms. It is suggested that liver extract 
administered parenterally conditions the functional activity of the small 
intestine. These reports are of particular interest because they tend 
to substantiate the belief of some workers that a close relationship 
exists between the hematopoietic factor of pernicious anemia and a 
factor similar to vitamin B, but that the two are not identical. 

The oral complications of chronic alcoholism which may be wholly 
or in part of nutritional origin have been discussed by Blankenhorn 
and Spies and have been noted previously in this review. 

Although knowledge of intestinal absorption is still meager, atten- 
tion is called to studies noted previously in the review which have 
to do with absorption of carotene, interfererice with absorption of 
vitamin A in pregnancy, absorption of vitamin B, in dogs, absorption 
of vitamin D administered to infants in a variety of mediums and 
absorption of iron, particularly as it may be influenced by simultaneous 
administration of alkalis. Interference with absorption of vitamin C 
in achlorhydria also has been noted. 

In experimental work Irwin, Steenbock and Kemmerer ** have 
observed that rats with avitaminosis (from lack of vitamins A, B 
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or D) absorbed fat less rapidly than normal, but this was interpreted 
as a nonspecific effect. The addition of these vitamins to the diet of 
normal rats did not increase their ability to absorb fats. 

Attention should be called to interesting studies which have been 
made on the nature and relationship of sprue, idiopathic steatorrhea, 
celiac disease and pernicious anemia. There is still much disagreement 
as to the nature of the intestinal, histopathologic and physiologic 
changes in these diseases. It is not possible to discuss in detail all 
the evidence which has been presented in this controversy, and it is 
suggested that reference be made to the original articles. Castle and 
his associates,*®* in an excellent study of 90 patients with sprue 
observed in Puerto Rico and Boston, pointed out that sprue, pernicious 
anemia and pellagra have many similar features, especially as regards 
the blood, gastro-intestinal system and nervous system. They sug- 
gested that sprue is a deficiency disease closely related to pernicious 
anemia and that lack of intrinsic or extrinsic factors or failure of 
absorption of them is a significant etiologic factor. Deficiency of iron 
in the diet also may be a factor. 

On the other hand, Fairley,** who has studied 450 patients with 
tropical sprue in London and elsewhere throughout the world, 
expressed the belief that the disease is essentially different from per- 
nicious anemia, celiac disease and idiopathic steatorrhea. He found 
sprue to affect many well-to-do persons who had been on an adequate 
diet, and he observed at postmortem examination no specific degen- 
eration or inflammatory change in the intestine. He expressed the 
opinion that the phenomena of tropical sprue may best be explained 
in terms of a metabolic breakdown of the gastro-intestinal tract, char- 
acterized by defective absorption in the small intestine, with or without 
defective secretion of Castle’s intrinsic factor. There is marked failure 
to absorb fat and often dextrose; moreover avitaminosis, when it 
occurs, is a secondary phenomenon dependent on malabsorption or on 
a too restricted diet, self-imposed with the object of cure. The disease 
responds to limitation of fat and administration of calcium without 
vitamin D. Further evidence of impairment of carbohydrate metabo- 
lism in celiac disease has been presented by Ross,’** who has shown 
that liver extract may significantly influence carbohydrate metabolism 
by a factor possibly identical with Himsworth’s “insulin-kinase.” 
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Rontgenkymographische Bewegungslehre innerer Organe. sy Pleik 
Stumpf, M.D., H. H. Weber, M.D., and G. A. Leltz, M.D. Price, 42 marks 
Pp. 516, with 447 illustrations and 1 celluloid grid. Leipzig: Georg Thien 
1936. 


This book was written mostly by Stumpf; in other words, he was not merely 
the editor. In the first 43 pages he takes up a discussion of what roentgen kym 
graphy is, the methods of using it and the apparatus for taking kymograms and 
for viewing and measuring them. He measures not only outlines but also variations 
in density, so that a time curve of the alteration of the thickness of an organ may 
be obtained. He explains the distinction between surface kymography made wit! 
the grid moving and staircase kymography made with the film moving. He points 
out that each method has its uses. The rest of the book is taken up with a dis 
cussion of the uses of kymography for diagnosis in various parts of the body. 

There are about 120 pages devoted to the heart in health and disease, and th 
movements of the heart are analyzed with regard to time and extent. Many oj 
Stumpf’s kymographs are timed by electrocardiograms. He gives statistical 
averages for various chambers for various ages. He also considers the effect of 
respiration. 

One chapter is devoted to the shape of the kymographic curve for various diseas« 
conditions, and an explanation is given for each form. However, on the whole 
the chapter seems empirical rather than theoretical, and it appears to be extremely 
practical. 

There is a 10 page chapter on the pulsations transmitted to other organs than 
the chest, and then Weltz gives 30 pages on the thoracic aorta, which he considers 
a mere beginning of the study. He also goes further into the matter of the effect 
of respiration on the movement of the heart. This chapter overlaps somewhat a 
briefer discussion by Stumpf on pages 81 to 88. 

Bohme gives 20 pages on a most interesting study, mostly experimental studies 
on animals, of the movements of the chambers and vessels and of the blood within 
them. The demonstration was made by the injection of colloidal thorium diiodide 
and sometimes iodized poppy-seed oil into the blood stream. It seems to me that 
this is a valuable method for investigations in physiology. 

Weber gives 35 pages of discussion on the movements of the diaphragm, ribs, 
lobes of the lungs and bronchi in normal respiration. 

Weltz contributes a 20 page discussion of pathologic respiration, especially in 
asthma. 

Dong devotes 50 pages to respiration in the presence of disturbed musculature 
or innervation and in the presence of tumors of the lungs. I received the impres- 
sion that this field of clinical investigation is difficult. It is hard for me to evaluate 
which of his results may be clinically useful and which are only interesting 
demonstrations of the roentgen kymograph. Disturbances by infiltrations and by 
interlobar pleural adhesions can be brought out in this and apparently in no 
other way. 

Von der Weth gives a 32 page report on alterations in the breathing mechanism 
in pulmonary tuberculosis. It seems possible that this information, attainable by 
no other method than roentgen kymography, may be of great importance as a 
guide to therapy, for instance, by showing the effect of interlobar adhesions in 
transmitting diaphragmatic movement into the upper lobe of the lung. The 
demonstration of such an effect in a patient might easily be the determining 
consideration in deciding on section of the phrenic nerve. 

There are 13 pages by Schoen on substernal goiter alone. 

The alimentary tract receives only 80 pages. I expect that this section will 
be considerably expanded in the future, although in this region, where movements 
are usually slow enough to be followed with the eye on the fluoroscopic screen, 
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I not know how essential kymography may become for diagnostic purposes. 
There is a 24 page chapter by Dahm on the esophagus. The rest of the discussion 
of the stomach and duodenum is by Stumpf himself. The analysis of peristaltic 
movements from roentgen kymograms is necessarily carried out in detail, for here 
where the movement consists of a peristaltic wave passing over a long organ, it 
is not as easy to recognize its true nature by means of a kymogram as it is in the 
case of the heart, where the pulsation is more of the organ as a whole. 

Stumpf’s discussions of the stomach and duodenum contain a good deal of 
investigation of normal physiology. This is, of course, absolutely essential as a 
background for understanding any pathologic disturbance of motility. It is still 
difficult to analyze the effects of the muscular coats and of the muscularis mucosae. 

Twenty-five pages by Sack cover the urinary tract. Peristaltic movement in 
the ureter is beautifully demonstrated. 

There is a closing chapter of 6 pages by Neeff in which he discusses the 
dangers from the heavy intensity of irradiation necessary to produce roentgen 
kymograms. These exposures fall well within the limits of what is safe. Never- 
theless, if the ovaries or testes are in the field, a single roentgen kymogram might 
under some circumstances be as large an exposure as should ordinarily be under- 
taken, i. e., one should not advise a repetition of the examination. In the chest 
there is much more leeway, so that a good many roentgen kymograms can be 
taken of the heart and lungs without treading on ground that is at all dangerous. 


On Deficiency of A Vitamin and Visual Dysaptation. By C. Edmund and 
S. Clemmesen. Price, 5 kroner. Pp. 92. Copenhagen: Levin & Munksgaard, 
1936. 

4 considerable portion of the principal essay in this brochure is devoted to a 
detailed and critical study of the method employed for the determination of the 
power of distinction and its use in the detection of visual dysaptation (nyctalo- 
hemeralopia). Using various Tscherning neutral filters and a series of Snellen 


letters (6/36) of different shades of gray, with Bouguer-lechner fractions varying 
in geometric progression, these investigators determined the power of distinction 
(logarithm of the reciprocal value of the B-F fraction) at different levels of 
illumination for groups of hospital nurses, pregnant women, and male and female 
patients selected at random. Details are presented regarding the determination of 
correct B-F fractions represented by the gray letters used in order that powers 
of distinction may be indicated in .absolute values, thereby making possible a 
comparison of the results of various investigators. A number of pages are devoted 
to the experimental technic, errors of the method, determination of the normal 
curve and limits of normal zone, seasonal variations and the influence of age. 

The ensemble of apparatus and methods used by the authors are suitable and 
doubtless adequate for clinical investigations. Obviously, the findings by such 
methods are not to be regarded as determinations of the threshold of sensitivity 
to light, in which the foveal and peripheral retinal perception of light and the 
effects of adaptation may be determined. However, investigations by others indi- 
cate a reduction in function of the central parts of the retina as well as of the 
periphery for white and colored light in hemeralopia. To a certain extent visual 
acuity enters into the findings obtained by Edmund and Clemmesen and may give 
powers of distinction which are too low. In general, determinations of the 
minimum visible, examinations of visual fields at reduced illumination and deter- 
minations of visual acuity under reduced illumination are somewhat unsatisfactory 
clinically, since they tax the intelligence of the patient or are not sufficiently sensi- 
tive to detect slight hemeralopia. In certain respects, therefore, the determination 
of the power of distinction is the method of choice, since the estimation of how 
great the differences in brightness must be in order to be noticed is of importance 
in daily life. 

The concluding portion of the essay and the appended article on the parenteral 
treatment with vitamin A of dysaptation (nyctalohemeralopia) in some pregnant 
women give details of treatment and tables of data regarding the power of dis- 
tinction before and after the administration of vitamin A. A group of fifty-two 
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nurses in the Sundby Hospital, Copenhagen, were found to be normal in poy 
of distinction, with a marked tendency to the lower limit of normalcy during 
winter months. A preventive diet containing from 1,500 to 2,000 U.S. P. units of 
vitamin A is suggested and emphasis is laid on the inclusion of sufficient vegetables 
in the diet during the winter months. Nearly half the forty-nine pregnant wor 
tested for dysaptation showed a pathologic decrease in the power of distinction, 
Intramuscular injections of a vitamin A preparation (containing about 40,000 
U. S. P. units) produced a disappearance of dysaptation which lasted for about 
a week in the majority of cases. In general these investigations showed the 
correlation between vitamin A deficiency and reduction in the power of distinction 
and demonstrated the improvement of function produced by the administratior 
of the vitamin. 


Applied Dietetics for Adults and Children in Health and Disease. By 
Sanford Blum, M.D. Price, $4.75. Pp. 408. Philadelphia: F. A. Davis 
Company, 1936. 


Blum’s book consists essentially of lists of foods which are advised for con- 
sumption and of foods which are to be avoided by persons with various conditions 
encountered in the practice of medicine. The author presents lists which are 
captioned so that the physician has merely to find in the index of the book the 
condition with which he is concerned and then turn to an already prepared list of 
foods for his patient. The presentation is divided into two parts; the first includes 
“Dietary for Adults in Health and Disease” and the second “Dietary for Infants 
and Children in Health and Disease.” There are a general index and an index 
by foods. The diets are based on those the author employed “during a period of 
twenty years.” No references are made to the literature. 

Each diet is generalized. The foods are rarely expressed quantitatively and 
then only in general terms. Brief suggestions and discussions are made in regard 
to diets and habits of eating. While the diets are generalized in many respects, 
they are listed for specific types of patients and conditions. For instance, the 
author has a diet for “chronic indigestion in middle aged adults,” for the “spare 
adult male—impaired digestion,” for the “spinster with impaired digestion,” for 
the “frail young mother,” for the “professional man” and for the “frail woman 
school teacher,” and there are many other diets specifically captioned. The author 
uses a different diet for treating obesity in a “woman thirty-five years old” and for 
treating it in a “two-hundred-and-sixty-pound female clerk.” No logical reasons 
are presented to warrant such minute differentiation. The normal adult is advised 
to avoid such foods as duck, stew, tongue, goose, kidney, lobster, crab, beets, 
sprouts, sauces, gravies and many other foods which make up the average normal 
person’s diet. If such commonly consumed foods are to be avoided, the author 
should at least present reasons. Again, he advises a “professional man” suffering 
from malnutrition to drink a “glass of water with a teaspoonful of salts, on 
arising.” Why such a practice? The term salts is indefinite in itself. 

The book contains a list of foods which leaves the reader wondering why any 
one of them is selected or eliminated. The diets as listed cannot be intelligently 
prescribed, nor can they aid the physician in understanding his diet problems. 
Such a list of foods fosters the use of diets for placebo rather than for therapeutic 
purposes. The book can be of little use to the medical profession. 


La tension mediana dinamica. By Angel Cammarota. Pp. 170. Buenos 
Aires: El Ateneo; 1936. 


In this monograph Cammarota makes a complete study of the “mean arterial 
tension” in relation to health and disease. The mean arterial tension, as defined 
by the author, is that constant pressure which at a given time causes the body 
tissues to have the same energy as the variable tension in the vessels. That 
pressure, so described, has no relation to the arithmetical mean pressure (one-half 
the sum of the systolic and diastolic values), and in order to make a distinction 
it is called the mean arterial tension. 


BOOK REVIEWS 


fter a preliminary use of several instruments the author chose for his studies 

spring oscillograph devised by Frank Soler, of Argentine, and found that the 

in arterial pressure varied extensively in different subjects who were apparently 

»o0d health; consequently no definite standard figures could be obtained. 

Cammarota studied the mean arterial pressure in relation to aortic regurgita- 
tion, hypertension and hypotension, arrhythmia, aneurysm, vascular disturbance 
of the extremities and hyperthyroidism, presenting oscillograms taken at different 
intervals and complemented when possible with studies made months or even 
years after the original data were recorded. He arrived at the conclusion that 
the mean arterial tension has no particular bearing on the diagnosis or prognosis 
in diseases of the heart and circulatory system. 

[he author found also that the mean arterial tension may vary considerably 
within a few minutes and established a definite relationship between it and the 
systolic and diastolic pressures, especially the latter. Cammarota attributes differ 
ences of opinion as well as many errors in experimental contributions to deficiency 
in the various instruments and devices now in use for studying this particular 
phase of the blood pressure. 

Exophthalmic Goiter and Its Medical Treatment. By Israel Bram, M.D. 

Foreword by R. G. Hoskins, Ph.D., M.D. Second edition. Price, $6. Pp. 

456, with 79 illustrations. St. Louis: C. V. Mosby Company, 1936. 


In this edition Bram has employed the same general plan as in the first edition 
(published in 1920) in presenting his subject. He has, however, increased the 
scope of each phase of the disease so as to include material that has developed 
since 1920. Considerably more material is devoted to laboratory tests and case 
histories. There are fifty-five case histories summarized in the last chapter. The 
cases were chosen from the author’s files and are representative of his “personal 
experience with over five thousand cases of this disease observed within a period 
of twenty-five years.” The author continues to adhere to medical treatment as the 
only satisfactory form of therapy for exophthalmic goiter. 

The foreword to this edition was written by R. G. Hoskins, Director of 
Research, the Memorial Foundation for Neuro-Endocrine Research of the Harvard 
Medical School, who believes that “there is a legitimate place for the partisan 

in the better sense of the term.” 

The improvements make the book a good survey of the disease from a clinical 
standpoint. The author is an extremist on the medical treatment of exophthalmic 
goiter, but if the reader keeps that in mind when reading the book, he can derive 
a great deal of benefit from the discussion of the medical treatment of this disease. 
This is especially true for the radiologists and surgeons, who are inclined to 
neglect the medical and constitutional aspects of the disease when applying their 
forms of local therapy. 


The Art of Treatment. By William R. Houston, M.D. Price, $5. Pp. 744. 
New York: The Macmillan Company, 1936. 


This is a most interesting and attractive piece of work. The author has 
attempted to write so as to stimulate intelligent thinking along therapeutic lines, 
and certainly he has gone far toward accomplishing this aim. 

This book is not a textbook on therapeutics in the ordinary sense, little emphasis 
being laid on drugs and their administration. However, a great deal of independent 
reasoning and homely philosophy are put forth to drive home the facts that in 
successful therapy the patient rather than his disease must be treated, that vastly 
more is mot known concerning treatment than is known concerning it and, finally, 
when all is said and done, that most therapeutic conceptions and plans are simple 
—success turning largely on doing simple things well rather than on carrying out 
elaborate procedures inadequately. 

The book is divided into seven parts, and by all odds the longest part is that 
which deals with psychotherapy. This long chapter is written sensibly and from 
an unprejudiced point of view. The entire book is well and clearly written, so 
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that it makes interesting reading throughout; it is full of valuable hints 
suggestions. Surely a book of this type will have a successful career. Not only 
is it useful for reference purposes, but it affords pleasant reading. It is a; 
admirable contribution toward describing what the art of medical practice amounts 
to. Medical students, practicing physicians and teachers will all enjoy it. 


Endocrinology in Modern Practice. By William Wolf, M.D., Ph.D. Price. 
$10. Pp. 1018, with 252 illustrations. Philadelphia: W. B. Saunders Com- 
pany, 1936. 

In discussing another book on endocrinology in these columns several years 
ago the reviewer raised the question of whether any one man could deal adequately 
with this subject in its present state; it seemed then that the special knowledge 
of the trained gynecologist, internist, chemist, physiologist and biochemist which 
had to be synthesized was outside the scope of individual effort. That this point 
of view is on the whole sound is proved by the character of most of the endo- 
crinologic texts: the books written by those who have worked on the experimental 
side are usually pitifully defective as to clinical discussion, while those written 
by clinicians insult the reader with a hash of pseudoscientific physiologic and 
chemical nonsense. Nevertheless, in the present instance Dr. Wolf has largely 
surmounted these objections and must be given full and free praise for having 
produced a really first class all-around book. The style is pleasant and lucid, 
the reasoning is conservative, the clinical descriptions are excellent and, above 
all, the summaries of fundamental physiologic knowledge of the endocrine glands 
are in the best possible accord with recent studies. Here at last is a safe and 
useful book, free from the “hokum” of the side-show. 


Anales del centro de investigaciones tisiologicas. By Prof. Roque A. Izzo 
Pp. 175. Buenos Aires: La Semana Médical, 1935. 


In the preface of this symposium on tuberculosis the ideals of Dr. Carlos A. 
Bruchman, senator and physician, are set forth. He conceived the idea of an 
institution in Buenos Aires the aim of which would be the study of tuberculosis 
not in general but as found in that community. He felt that such an institution 
should study the problems of tuberculosis with special reference to the particular 
social strata, geographic location, habits, foods and racial admixtures found in 
that particular community. He aptly expressed himself by saying “not tuberculosis 
in general but our tuberculosis” should be studied. 

The fruit of his idea is this initial volume covering the years 1934 and 1935. 
Under the direction of Prof. Roque A. Izzo this first volume deals with the 
problems of tuberculosis found in the center. There are a considerable number 
of case reports, and these do not lack for illustrations of excellent quality. The 
results obtained with phrenicectomy and thoracoplasty compare well with results 
reported elsewhere. Other chapters of interest are those dealing with unusual 
cases of diabetes complicating tuberculosis and albuminuria in pulmonary tuber- 
culosis. There are a considerable number of statistical tables. 


The Thyroid. By E. P. Sloan, M.D. Price, $10. Pp. 475, with 99 illustrations. 
Springfield, Ill.: Charles C. Thomas, Publisher, 1936. 


This handsome monograph is somewhat disappointing. Most of it is a com- 
pilation, put together in a rather uncritical and disjointed style, of material that is 
readily available in the current literature. One is given the impression that every- 
thing leads up to the chapter on surgery. Here technic and procedure are dis- 
cussed in detail, and there are some excellent colored plates of the surgical anatomy 
of the thyroid region. The author properly stresses his own methods, but the final 
picture of the incision closed by clips, with a drain protruding from the center 
of the wound, is a shock to those familiar with Halsted’s beautiful “silk technic.” 
The reviewer fails to see the point of the reproduction on the title page of the 
bronze cast of Dr. Sloan’s hands. 


